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TEA. C.D. Bailey | 
In Chief 
1 Yellowknife, N.W.T. | 
2 Maren 87229 75+ | 
3 (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) | 
( | 
= CHARLES DAVID BAILEY, sworn: 
6 THE SECRETARY: State your | 
7 full name, please. 
S A Charles David Bailey. 
S, DIRECT EXAMINATION BY MR. SCOTT: 
10 Q Mr. Bailey, I understand 
It that you're a registered civil engineer in British | 
22 Columbia, Quebec and Ontario. 
BS A Yes sir. 

4 | ! Q And you are a graduate 
LS ‘Of the Royal Technical College in Glasgow, which is | 
16 now Strathcona University. 
aN? A Yes sir. | 
18 Q That you're a registered 
19 Civil engineer in the State of California, as well. 

20 A Yes, I am. 

21 Q And a life member of the 
22 Engineering Institute of Canada. 

23 A Yes. 

24 Q A Fellow of the American 
25 Society of Civil Engineers. 

26 A Yes. 

27 Q And I understand also 

28 that you were the former chairman of the Test Committee), 
29 C.S.A. Pipeline Code. 


30 A Vessel iwa'si. 
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ALLWEST REPORTING -L.TD. 


BURNABY 2, B.C. CeoDe Bailey 
In Chief 
Q I understand that for a 
period of time from 1964 to 1970 you were the chairman 


of the Board of Consultants of the Bechtol Corporation? 


A Yes, that was in the City! 


of San Francisco. 


Q What do they do? 


A I think the main function 
of the Board there was to make certain that the task, 
contemplated task facing Bechtol was within their 
competence; and secondly, to make certain that it was 
inherently a good undertaking of the company, and for 
the cowntry in which it was located. 

| Q And what is your present 
Occupation? 
A or consultant with 


H.A. Simons, a firm of civil engineers and consulting 
engineers in the City of Vancouver, and other parts of 
Canada. 

Q And Mr. Bailey, have you 
had any particular consulting function from time to 
time, or done any work in northern areas? 

A Yes, I have. 

What is that? 

A I was responsible as 
chairman with Bechtol for the design of the test 
station at Inuvik in the north up here. 

Q Well now, Mr. Bailey, 
if you'd like to carry on with your presentation we 
would be grateful. 


A Thank you. 
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ALLWEST REPORTING L-TD. | 


BURNABY 2, B.C. €.D. Bailey 


In Chief 


Mr. Commissioner, it appeared 
to me that the description of the natural gas industry 
Which was a subject selected by the Inquiry, could be 


addressed or dedicated to the human and other life 





continuing within the areas of the valley of the 
Mackenzie Valley or the Mackenzie River, and the entry °F 
the river into the Beaufort Sea, and the coastal reache 
fronting on that sea. If this is acceptable to you, 
it involves my view of the climatic and other factors 
of life support of the regions with the conclusion that 
life, whpbée:.perhaps not abundant, can be both favored 
and rewarding within the valley. 
Old and new cultures can be 

developed by the people and contributions can be made | 
by them towards the development of others. It would | 


appear that human life within the valley must be more 


dependent than elsewhere on the continuation of an 





indigenous life forms -- the plants, the fish, the 
birds, the animals -- that the remarkable climate 
within the envelopment of the area by the 50 degree 
Fahrenheit isotherm makes it a practical and to many a 
very desirable place in which to live. 

Therefore before coming to 
the subject, perhaps you would permit me a parable. 
In Teheran in Persia, which is another oil and gas 
area of the world, it formerly was pleasant in the 
dusk of the evening to sit in good company among the 
gardens of the city and to listen to nightingales sing. 
This bird,with a habitat ranging across the western 


Europe to the British Isles, has a singular purity of 
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ALLWEST REPORTING L.TD. 
BURNABY 2, B.C. Glebe Bailey 


In Chief 

song. There are no longer nightingales in Teheran. 
The noise and exhaust of automobiles and the emissions 
of industrial plants have forced replacement of the musi¢ 
by that provided by transistor radios. The birds of 
the Mackenzie are different to the nightingale in 
responsibility, in determination and courage, but all | 
Canadians share their need for survival. 

Natural gas. The land and 
sea covered by the scope of this Inquiry contains 
reserves of natural gas which may prove to be substan- 
tial. Analysis of the gas already discovered show that 
it is of great purity, and value in keeping with the 
NMOLCIT. What is this gas? And How did it accumulate | 
where it has been found? 


The amended National Energy 





Board Aet of 1969 and” /0, C-65 has two definitions of 


DeGuL at Case eat tan a 


"Gas, except for the purposes of Part 6, means 
hatural gas7or other hydro-carbon or other 
mixture of hydro-carbons that is in a gaseous 
state." 

Part 6 states: 


"Gas means natural gas or any fluid hydro- 





carbon, or any fluid mixture of hydro-carbon 


Otnex than, O11." 
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nichouenan many countries 
natural gas is considered to be simply the gaseous 
phase of crude oil. The Canadian legal definition 
of something other than oil is logical for a number 
of reasons. One of these is that sub-surface accu- 
mulations of natural gas» not apparently related to 


liquid oil accumulations are known in many parts of 


the world. There is some evidence that gas accumulated 





ater than oll and that it, is ofbiogenic origin with 
sources in the great masses of vegetable matter 
deposited in the depths of the seas. 

Oil is considered to have its 
source in marine and land animal matter. Gas appears ! 
LOenave formed attex the formation of o11 and to | 
have migratrated from a wider distribution of very | 
minor quantities to concentrations where it became ! 
entrapped and sealed. May I have slide one. | 

In this slide is a typical 
textbook illustration of a gas resevoir and indicates 
that a drive of water up through the permeable layer 
of sedimentary rock pressed the gas and oil upwards 
until the gas was retained by the caprock above it 
and in this particular slide it is shown in con- 
junction with oil, but it could very well be alone 
as simply a gas reservoir. 

The evidence shows that 
anerobic micro-organisms assisted in the formation 
of the gas from the decomposition of the dead plants 


and marine matter lying under the seas and that 


the gas was actually formed in strata and deposited | 
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IN Chief a 
: by the sea, that is, this anerobic treatment of the 
2 vegetable matter really means that a very elementary | 
: form of life bacteria digested the vegetable matter 
3 and they died and were replaced by following bacteria | 
2 for hundreds and thousands of years until the gas was 
formed, and entrainedin strata being deposited by 
y the solids from the sea which form the rock | 
strata. 
4 The pores of these rocks 
40 originally contained salty sea water, so the first 
At globules of gas therefore had to be about the same 
42 size as the space between the mineral grains forming 
a the rock. A drive was required to move the gas 
24 through the rock, the permeability of which required 
x8 greater force than simple gravitational bouyancy | 
46 and the industry believes that the compaction of the | 
17 water, subterranean water, by the folding of the | 
42 strata caused, gave the pressure to supply the drive. 
i3 Slide two. This is another 
20 entrapment of oil shown here, but it could be gas 
et formed by a shift in the structure of the underground 
22 sedimentary rock,)where the section on the right hand 
2? Side of the line has been upthrown and cut off the 
24 permeahle channel and sealed it and this is a eaeree 
2° difficult reservoir to find, but a very productive one 
£6 The gas was contained within these sealed chambers 
27 for a time estimated to run from 100 to 500 million 
£8 years. A very long time indeed. And there does 
29 not appear to be any material change in the gas | 
30 


during that time other than the presence ofminor 
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: quantities of CO j and nitrogen suggests that perhaps | 
: some air did get into the strata and caused some | 
: oxidation of the methane which is the principle 

: constituant of the natural gas. 

. All of the hydrocarbons in 

: natural gas are flammable and all the members of the 

7 


paraffins series, the same series. 
Could I have the next slide. 
The largest component of gas is methane which varies 


between 70 and 95% as a rule, ethane, propane and 





isobutane , a normal butane, all of tlese fractions 

up to that point have a negative borling point7on 
the centigrade Bente and all are gaseous at normal | 
temperature and pressure. The other constituants 
‘other pariffins acopentane, normal pentane, normal | 
hexane, normal hectane and lighter elements, are 
liquid at normal temperature and pressure and have 

a positive boilingpoint on the Centigrade scale. 
Natural gas must have accu- 


mulated during the later geological stages of the 





oil accumulation, 100 to 500 million years ago, but 
only after the consolidation of the containing 
strata and after the caprocks were there to provide 
for its preservation, where oil contains associated 
natural gas, this almost certainly occurs by 


Saturation of the Oil through?its; contact *with the gas, 
| 
| 
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1 through the contact phase. When we shall 
2 know with certainty and where gas was formed is 
3 problematical. The origin appears to be different 
4 from the origin of oil, although perhaps there is an 
= association. The natural gases of the Arctic are 
6 those which will materially interest us this morning | 
7 are shown on slide No. 4. | 
| Two of these analysis are 








from wellswithin the delta, fagloo and Nigligtak 
and they show gas of extreme purity, there's practicall 
nothing in it but methane. In Nigligtak gas there's 
98% methane, perfectly sweet, dry gas, not very much 
in the way of iagaias to be removed, useful liquids 
to be removed. 
The gas in the polar area on 


the islands is the third column, and it similarly is 





a high purity, extremely valuable gas. The gas from 
Prudhoe Bay is associated gas, that is it's produced 
with the oil and it shows quite a different picture 
really. It shows a good deal of liquids and a high 
CO-2, and some H2S but not enough to make it a sour 
gas. So these are the gases that we expect may 
be produced within the Territory. 

The gas from the high Arctic 
is a sample taken from a well on tllesmere Island, 
quite a recent well. Industry uses many terms for 
gas in its transformations from the well until it 
reaches the consumer, and perhaps it would be a good 
thing for me to just list them off intheir classifration 


with perhaps some minor explanation. 
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i Dry gas is a gas very similar 
2 to the delta gas, and it's principally a cap gas, that 
3 is it comes out ofa cap; not with oil but by itself. 
4 Wet gas is a good gas but 


5 carrying condensates with it. | 
Sour gas is a gas containing 
hydrogen sulphide. 
Dissolved gas is a gas which 
is contained inside oil in a crude oil reservoir. 
Associated gas is a gas pro- 
duced somewhat from our reservoir shown in slide l, 


| 
| 
| 
| 
| 


where the gas not only was -- had a cap gas arrangement | 


i 


but also saturated the crude oil. 
Raw gas is a gas that comes 
out of the well, without any treatment. 
Residue gas is a gas leaving 
the process plant which cleans up the gas and prepares 
it for the pipeline. We call it the same gas, call it | 
pipeline quality gas. | 
Natural gas as it is — 
to the consumer. 
Mr. Commissioner, there are | 
a number of analysis of different gases contained in 
my paper, but they're more useful, I suggest, to the 
record than in a talk, and if I may just pass over 
them? Thank you. 
THE COMMISSIONER: You have | 


turned your paper in to Mr. Scott, I take it? 


A Yes. 
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Natural gas is colorless, it's 
Odorless, it's non-toxic, and it's lighter than air. 
This is generally received by the distribution system 
which brings it to your kitchen stove or heater. The 
gas makeup may change a little if a proportion of it 
is turned into LNG or liquified natural gas, as a 


storage in the distribution system, or it may change 


a little, if there's any super drying of the gas to 





take out all of the liquids that it contains. In 
normal -- normally in Canada we add an odorant to the 
gas so that its presence can be detected if you 
enter a space containing gas. 
There are certain safety 
considerations with natural gas, as with any flammable 
its 


material, and they are related to/ignition temperature, | 
| 


its explosive limits, and its specific gravity, whether; 


} 





litiwidimeise in the air or’not. It ignites’ at 1185 
| 
| 


degrees Fahrenheit, which can be achieved by a match 
or an electric spark or a static spark, or a lighted 
Cigarette, or the elements of a hot car exhaust. It 
explodes when 4% of natural gas is contained in air. 
That's it's lower limit, and it's upper limit is when 
16% of natural gas is contained in air. 

The normal specific gravity 
Of Natural das 1s about, .55 tO,about.. 75) related to 
alr, ‘and? that means that if the room is ventilated 
or the space is ventilated, the gas will rise to the 
upper part of the room and pass outside. In a basement 


that can'thappen. While it is non-toxic, it can't 





support life because it contains no oxygen 
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and it would be very dangerous to be inside of a room 


or space occupied largely by gas. 

Appreciation of gas as a 
natural resource. Natural gas today satisfies about 
one-fourth of the total Canadian energy requirements. 
The established original reserves, that is the amount 
of gas that's been measured, proved to be there, and 
lies within the economic transportation of a market 
was about 135 trillion cubic feet, of which it was 


believed originally that about 80 trillion cubic feet 


could be produced and ultimately recovered. 20 trillio 
Cubic feet have already been produced, or a quarter of 
the established produceable total. From 55 to 60 


trillion cubic feet remain. The current rate of pro-: 


duction is about 2 1/2 trillion cubic feet per year, 
which suggests a life expectancy of about 20 years at 


this time. 
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Maiswad Litele difficult 
GOMCUTU Ke One artrit On, vOusknow. Lt is to me, 
Lteis Such a large unit, 16¥4! The size is really a 


little incomprehensible, but as an example if you 





could pack natural gas into cubic feet, just a little 
parcel 12 inches wide and 12 inctes long and twelve | 
inches high and then took a trillion of them and 
built them into larger blocks of a cubic mile, that 
is a mile wide and a mile high and a mile long, there 
would be about seven of these cubic miles to contain 
a trillion cubic feet. 

The frontier reserves which 
are not included in the Canadian producable reserves 
at this time are located in the Arctic, the Canadian | 
Arctic, offshore east and offshore west and they 
are speculatively believed to A potentia? | 


greater than 300,000,000,000 cubic feet in place. 





Very much larger and more impressive figures have been 
advanced by a-number of authorities but this is the 


lowest of thse availeble to me. Using a 60% recovery 


. factor it is possible that the recoverable 


volume of about 180 trillion cubic feet may be 
established to add to the present reserves,hopefully 
within the Ate fifteen years. 

When and if this occurs 
Canada may have 240 trillion cubic feet of recoverable 
reserves which are capable of development at annual 
raes increasing in ten to fifteen years to perhaps 
5 trillion . cubic feet per year, or about twice the 


present production. Including possibly 1 tridlion 
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cubic feet for export as at present. This annual 





production would permit gas supplies for about 45 
trillion 

years. Evaluation of five/cubic feet per year at 
$1 per M.C.F. -- an M.C.F. is another term used by | 
the gas people and it means a thousand cubic feet or | 
about 1 million B.T.U.'s \®ithetevaluation of five 

trillino cubic feet which has been mentinned would 
be about $5 billion annually, but a possible -- | 
that $1 figure, by the way is the present export price 


which is, I understand a temporary price and it is 





contemplated that it will rise quite quickly -- would 
be 5 billions with a possible future value maybe 


aboutns bidilionst ofédoilars.woWills “this would be 


| 

| 

beneficial to us. It is vital to our energy require- | 

ments and I believe that it will benefit all of us. | 
How to use this gas. There | 

is disagreement among Canadians on the best use of the/ 

Geaotirtel Presently it is mainly burned as a fuel 

and produces heat and power in many forms. A 

minor opinion considers this wasteful, but with 

maximum attainable efficiencies of conversion of 

around 30%,the conversions of all fuels are about -- 

must be considered equally wasteful. Gas  =#has such 

Singular cleanliness advanteges, of cleanliness of 

emission and convenience, but the probability is 

for continued use as a fuel for residential and 

industrial needs for generation of power, when 

economics permit and supplies are available and 

increasingly for petrochemical resolution into 


fertilizers, textiles and chemicals. All of us 
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know the fertilizers that are so abundantly produced 
today, ammonia, nitrogen and uria and many 
of us where clothes spun from the polyfibres which 
have such special advantages and the petrachemicals 
are legion in their number. 

Natural gas is a valuable 
resource of Canada. It is inevitably subject 


to depletion and requires wise administration in its 





use. So even with the greatly added reserves which are 
in contemplation, the very most that we can see is 
that the gas will last for 40 or 50 years. 

Slide number six, Tom, please. 
I think that is five -- oh, what is shown here is 
the value of various sections of Canadian industry 
compared with natural gas and this year it is 
expected that about 2 and a quarter billion dollars 


worth of gas will be marketed,comparing with 





the 3 billion dollars for the steel and iron industry 


ana. 5 and a half billion dollars for the mining 


industry and of course the enormous manufacturing 
total of 48 billion dollars. ‘The pulp and paper 
industry is about 6 billion dollars or about 
three times the size of the value of the gas industry, 
but you can see that it is quite an important 
PCONETI Dita On. 
| The division -- 

THE COMMISSIONER: Excuse 
me, Dr. Bailey. (Is it not possible, for,that door to 
be kept open or closed instead of it banging every 


few minutes? Forgive me -- 
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A No, there is no 
difficulty at all -- there are three main divisions 


in the industry: production, transmission 

and distribution and the divisimof the annual value 

of the industry into these branches is about 30% to 
production,which averages in Canada now is about 25¢ 
a thousand cubic feet and 30¢ to transmission, based 
on about a 600 mile transmission, such as the West Coast 
and 33¢ distribution which is the most expensive 
and uses the most people and forms 40% of the 

total value. 

One of the problems for 
speculation is what effect of the more expensive 
gases from the Arctic and from the other sources 
expected to produce gas -- what the effect is gang 
to be with the present gas produced in the provinces 
to the south. If we could speculate on that for 
a moment and could I have slide number eight. 

LEt us assume that the 
wellhead price of delta gas in 1980 is 90¢ per M.C.F. 
-- per thousand cubic feet -- on a residue basis, 
that is after preparation and that transmission cost 
to the fiftieth parallel, almost to the U.S. border 
are a $1210. It would appear that the price of 
Arctic gas at this new destination might be $2.00 
per thousand which is a very high figure and its 
equivalent related to crude oil is about $12.60 a 
barrel which is about the price of it as it is 
sold offshore by Canada at the moment. 


THE COMMISSIONER: Excuse me, 
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offshore, did you say offshore sales, offshore to 
Canada or by Canada? 

A By Canada. 

THE COMMISSIONER: Yes. 

A The Canadian export 
price is about twice the present. | 


LHE COMMISSIONER: Yes =-— 





A But I am speaking of 
five years from now and at the great costs involved 
for arctic work 
Well, gas produced in the 
prairie povinces at the same time, that is in 1980 
and carried to about the same delivery point might 
be priced about $1.40 to $1.70 or an oil equivalent 
| 


of about $9.45 a barrel. The total national production 
in 1980 could be 3 trillion cubic feet, formed | 
of 1 trillion cubic feet from the frontier areas, | 
and that is possibly from the delta and from 
the polar system and the reduced 2 trillion feet 
from the provinces. The value of the total production 
would therefore be $5 billion a year and the 
average price of the mix would be about $1.67 per m.c.fl. 
In 1985 with 4 trillion cubic feet marketed, the value 
could be $7 billion,atan average price of about 
$1.75 because of the larger proportion of frontier 
gas. The make up of the 4 trillion I have assumed for 
DOso9isae crillion from the frontierswith the provincia 
production holding at the same figure. 

The extra cost of the frontier 


gas on the whole volume is about 25¢ per m.c.f 
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“BURNABY 2, B.C. ChDE Bailey 
IN Chief 
: which is a very moderate figure in my opinion. 
: T*think Gthat itvis mosttin- 
: portant to preserve these differences and I think 
: that their preservation will be a credit to the 
z wisdom of the southern producers and will remove any 
e problem to the industry or to government in handling 
i two or more prices. 
a Mr. Commissioner, Dr. Hamelin | 
e spoke yesterday of the assistance expected in 
7 the deficit position of the ceenieories® the financial 
— position and I looked at that) following his address 
oe and his figures appear to line up fairy well wth 
oe with my assumptions. The royalties resulting from 
ee Cubsce feet 
a billion/of gas produced within the Territory, 
oe that is, not the United States gas, but the just the 
+i production here,would amount to about 55 million 
a dollars a year and with 2 billion cubic feet which 
- I think hoped for, would be about $110 million a 
a year in royalty and this would leave the producer 
ts 75¢ for his work which I estimate would permit 
o an expenditure of 1 and 3/4billion dollars in 
a discovery and production. 
23 
24 
25 
26 
v4 | 
28 
23 
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C.D. Bailey 
IN Chief 
The .history of the industry. 

Natural gas has been in place a great deal longer than 
man has been on earth. We find remarkably few historical 
references available to us. There are instances of 
eternal flames within human race memory, and in Bakow 
near the Caspian Sea, there was a temple or a former 


temple which existed from pre-Christian times until 





about the year 1900. This temple honored or protected 
a gas flare. In addition, the tradition of burning 
springs has perpetuated in a number of North American 
place names. The first practical use of natural gas 
was probably by the Chinese during the Sho Han Dynasty 
early ae the third century A.D. The gas was used as 
'a cooking fuel and was transported from shallow wells 
and seepages through pipelines of bamboo with some | 
compression by hand bellows. 
Dr.Torreso mentions a small | 


ecale local use in Northern, Italy in tthe 17th century, 





and also the first known commercial application by 
William Hart of Predonia, New York, in 1820. Hart's 
well found gas at 27 feet and supplied some 30 consumer 
with fuel and light. 

| Rapid development took place 
in the United States after that date, including the 
overland piping of natural gas to the City of Pittsburg 
in 1883. By 1890 there were 500 miles of natural gas 
Mains in the City of Pittsburgh. 

In Lemmington, Ontario, and 

the surrounding districts, an established producing 


and distribution system was operating in 1889 and at 
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C.D. Bailey 
IN Chief 


Medicine Hat in 1890. I understand one of the original 
Medicine Hat wells is. still producing. 

Thereafter, the natural gas 
industry expanded rapidly in many countries, particular] 
after the successful development of welded pipelines 
in 1920, but dynamic change in the scope of the 


industry followed the metallurgical and technical develop-+ 





ment of big inch pipelines, 24-inch, 36, in the 1940's. 
These large diameter pipelines virtually made it 
possible, reliable and economic to transport gas to 
a market located thousands of miles from the well. 
During the 1960's it was possible to move 1,000 cubie 
feet, 1 M.C.F. for 100 miles at a cost of 7/10ths of 
1¢, 

I'm going to stretch Teese 
unduly to tell you of the great natural gas discoveries! 


in Russia and North Africa, Gonagin(?) and the 





Netherlands and the British North Sea and elsewhere. 
The remarkable speed with which the gas was put to 
work is a stirring achievement by very many different 
peoples working together. 

In Canada the momentous dis- 
covery of oil at Leduc, Alberta, and later elsewhere 
in the province in 1947 created a great new activity 
of exploration in the Prairie Provinces, and in British 
Columbia, and in searching for oil, important volumes 
of natural gas were discovered in place. 

The Westcoast Transmission 
30-inch pipeline was built in 1957, and began operation 


to export Peace River natural gas to the Pacific North- 
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C.D. Bailey 
In Chief 


west of the United States, and to supply, through dis- 
tribution companies, the evra domestic market 

was in British Columbia. Almost at the same time the 
evolution of the principles of the Alberta Gas Trunk | 
Pipeline began, primarily, I believe, to ensure that 


all reasonable needs of the people and the industries 





of Alberta were met and satisfied before any gas left 
the province for either the United States or Eastern 
Canada. | 

This company at that time was 
designed to protect and transport.gas from various : 
shippers and to restore custody to the owners at the 
provincial border crossings. With its principles 
established in law and part of the trunk system instal- 
feds niloebi/,7coe bud lding.of: the Tans-Canada Pipeline | 
took place, and that system entered service in 1958. 
The Trans-Canada Pipeline. system is at present the 


greatest of all natural gas pipelines, in length and 


Capacity and in performance. 





The provision of these three | 
services, Westcoast, Alberta Gas Trunk, and Trans- 
Canada, had a profound effect on production and sales 
distribution of natural gas across Canada from Vancouve 
to Montreal. The effect on the Canadian economy was of 
equal . importance. It should be noted at this time 
that the three systems mentioned were not planned to 
distribute or to sell gas to consumers, but instead 
to deliver, and in certain cases, to sell to secondary 
pipeline companies, to regional distribution systems 


and to U.S. pipeline networks. 
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This planning changed in 1974 
when Westcoast became substantially a cost of service | 
system transporting only gas owned Dyna «Ce Crown 
corporation, which now makes sales and establishes 
prices. 

How has the industry performed? 
Since these dates around 1957 and 1958, I must say that 


certain aspects of performance have been good. The | 


corporate care of the land utilized for wells, process 





plants and pipelines has generally been faithful to the 
Spirit of agreements made. The record with labor is 
probably as good as the best during the last 25 years, 
and conflictswith disturbance to service through labor 
difficulties has not occurred. The industry is not 
labor-intensive, therefore it has been possible to " 
Maintain levels of wages and other remuneration which, | 
while related to the levels in localities, were 
certainly the best available. As a consequence, ag 


standards of skill and dependability of the men and 


women involved in the industry are very high. Access 





to the better jobs of responsibility within the industr 
has not been unduly difficult, and remarkable records 
of individual achievements are reasonably frequent. 

A constructive criticism of 
the overall direction of the industry may be made, 
however, and we refer to the general lack of long-range 
understanding of the problems latent to the business. 
Because of the effect of the monopolies created by 
the unity of the producers, the charters of the pipelin 


companies, and the public utility nature of the 
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C.D. Bailey 

In Chief 

distributors, the natural resource has been handled 
as required by the vice-presidents in charge of sales, 


that is it has been based only on the upward thrust 





on a sales map. 


Exploit beg export. The 
ultimate depletion of the resource and related essentiat 
lity of the husbanding of supply has been a secondary | 
and secret matter, at least it has been until curtail- | 
ment of contract volumes have brought the picture into 


the open. I have a cutting here where Trans-Canada, 





making a presentation to the National Energy Board, 
estimates that it will be short 40 billion cubic feet 


by the winter of 1o75 76. and that this shortage would 


Great volumes of gas have been | 
| 
exported at prices which paid only slightly more than 


the interest on the construction bonds. The general 





price level of the domestic sales of gas has been low 
enough to cause an expansion of distribution which may 
not be maintained in the future. The reduction of 
discovery of new accumulations in the provinceg§ may in 
fact be due to the scarcity of promising points of 
search, as much as any other reason. 
THeaprofiatabylityaofhthe 
industry. The records of year to year ~trading of 
most natural gas companies appear to show, in a minor 
way, a profitable history. Average net earnings declared 
between 4 and 6% on the value of the particular assets 
involved. Stock dividends from these earnings have 


varied from 50 to 75% of the net earnings. 
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Stockholders would have eee, 
ienced a very thin time but for the leverage of the 
debt equity ratios involved, usually about 2.5 to l. 
The regulated rates of return, which are being handed | 
down by the regulating bodies are now approaching about 
10% of the rate base. The rate base is the value of 
the facilities used to earn the money. The rate 
base rate of return of 10% involves the servicing of 
debt. The debt of the industry in the aggregate is 
an enormous sum, and while it is rated secure, the 
bonds are generally very long-term, with some maturing 
aboutrithe: turn.iofiicthexcentury: 

| The future profitability of 
the industry is dependent ona continued supply of 
the natural resource, and therefore on further reserve 
discoveries. The industry must therefore provide 
out of present revenues the funds required to cover 


exploration and discovery costs necessary to ensure 


are 


this future supply. Profits should therefore be viewe 
in terms of today's cost of equipment and construction} 


The industry hasalmost universally and perfectly 





legally depreciated its main assets at 2% straight 
line, giving a 50-year life basis. However, the fact 
is that at present, on a replacement consideration this 
2% depreciation rate is on the basis of 112 years life, 
as costs have escalated approximately 2 and a quarter 
times. 112-year life span is absurd for two reasons: 
. The pipelines and the equipment will not enjoy 
such’ a life, and 


< There is very Little likelihood of natural gas 
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reserves lasting for that time. 

The industry therefore must 
consider a depreciation rate of about 2 1/2 times the 
present provisions, or something close to 5%. Under 
these conditions it's questionable whether any true 
profits are ever made at all in past years. We've 
actually been living off the investment. Therefore 
in order to provide funds for the future, based on 
today's costs, and to maintain the same profitability 
currently being reported, the. depreciation rate involve 
an increase in gross revenues. As an example, at the 
old prices an increased selling price of gas at the 
ivteenees oral boundary of about 2¢ per M.C.F. 

I should emphasize that an 
increase in the depreciation rate and the resultant 
increase in selling price does not increase profits 
itself. It tends to secure a real profit and to provide 
cash liquidity to the industry, both of which are 


required if the industry is to maintain a continuous 


supply. 





























omits tedt 02 Pere aovrezot 
jaum suoterdrd yrteubi! ent 
st eomid S\E 8. duows XO bee nOkdeboeRges’ ’ Rehiencs 
| Ashi. HE oh eae pridiomoe 16 ,scoteivorg Mrose%rq 
our? vos vedtodw sidshoiseeip 2's? enoitLbaps eeeds | 
ev'sW etsey desq mt Ils da shen adve ers ahitoig 
i S1tvteisi? ds asnseovMal eds tio pobvil mood yiisesos: 
eo Seasd) extoduh oft tot) ebart-abivorg of teabs0 mE 
“woilidestioyg onise sdsantsdatsm oF bas: , ceo a' ysboo | 
gov lovet aien soitebosesaeb eft Sweet Dated yiseettEo 
etd os .alomexe n® aA. .eeunevex teoun mi easeconmi as 


att +4 ean 20 softe. poiifve. botapt onl m esolirg Pio 


tae tandt esisadamo biwode: 1 


} : 
| is Mi xeg 2 dros to yrebarod tenoltsenitesAt 
| trsdlueent edt Bae e252 aoiteloetqeb esis ai sesetont 


atitotq aesexsat ton eeob sutixzgq potifesn ai sesetomt 





ebivouq of Dre sitada diset s exvoea o+ sboeo 71 .tfieest o> 


———— 


aes foldw to ated. , yxseubri ant oF Yr lbivplt dass ul 


evoysisada, 6 atetaism of si yateviat ody 21 bextupes 


eo 


»wigagne. 






HA qi! > : oy i 


Ares 










; oe 


, Wid 
. *s ws : a rs ~@ o - y 8 
tigre ys ek a if 4 
i t : 


Om | 











ALLWEST REPORTING L.TD. 
BURNABY 2, B.C. 





1534 


C.D. Bailey 
In Chief 
ine tChespast nad suchspolz— 

cies been in effect, the industry would have been 
in a proper cash basis for the provision of future 
Supply and for the reduction of debt. Employment 
provided by the industry -- the number of employees in 
all of the industry is not very large, about 25,500 
men and women, constituting about a quarter of 1% of 
the present Canadian labor force of nine million a aog| 


When the frontier gas becomes 





available, when and if it becomes available, so that 
the national marketed volume of natural gas is about 
four trillion cubic feet, perhaps in ten years, the 
industry employees may total about 38,700 men and 
women, about 13,000 more than now, and about .4 of 
1% of a Canadian labour force of 10 million people 


at that time. 


The distribution of the 





workers in the three main branches indicate that about 
22% of them are in the production department, 24% 
in transmission, and 54% in distribution. 

The regulation of the industry. 
Generally in Canada the industry is regulated by the 
National Energy Board of Canada, and by Public Utility 
Commissions for distribution. In Alberta,where most 
Canadian natural gas originates, production and export 
from the province is controlled by the Energy Resource 
& Conservation Board of Alberta. In British Columbia, 
production and exploration is under the control of the 
Minister of Minés, and transmission under the Department 


of Commercial Transport, and the utilities under the B.C 
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Energy Commission. 
In the United States, inter- 
State trade in natural gas is closely regulated by the 


Federal Power Commission, who also must approve volumes 





and prices of import. This slide shows the gas 
volumes which have been produced and which I estimate 
will be produced in the future, and the value in the 
second column. The third column in the grey shade 
shows the number of industry employees, and the fourth 
a@ilumn is the number of people who live -- whose 
living costs are paid for out of the cheques, the pay 
Cheques of the people in column 3. There are estimated 
to be fine per employee, that is a man, his wife, his 
children and all of the services that are associated 
with making that life possible. These are the Canada 
Statistics work force of Canada for the years up to 1975, 


say, and the population., with estimated figures 





beyond that. You can see from this that this year 
about 2 1/2% of the gross national product, of all 
of the wealth that's produced in Canada during the 
year;will be produced by some 25,500 people who form 
about half of 1% of the population. 

The table indicates that up 
to, 1975 the industry, clearly contributed its share 
of the national production of wealth and we hope that 
in later years that it will show continuing improvemen 
Another consideration, of course, in this production 
of wealth is that the industry contols the greatest 
per capita investment of equipment and instrumentation 


in the nation, and the productivity of the employees 
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should therefore be very high, which it certainly 
appears to be. 

The exploration and discovery 
of producable natural gas. Apart from the investigation; 
of surface shows of oil and gas, which may occur by 
the fracture of a sub-surface reservoir through earth 
movements, the modern exploration is an involved and 


time-taking process. Tremendous work and notes of 





the Canadian Geological Survey have played a areas 
part in indicating regions where discoveries are a 
possibility. But a series of other surveys are 
required, including perhaps the first, an air reconnaissance 
survey and air photography. These are really essential 
to today's exploration and my furnish valuable photo- 
geological interpretations to confirm the later selec- 
tion, ofia-drill.site. 

Gravity surveys, ge aes ie 


speaking, I think, are made in the north by means of 





aircraft, they measure the increases and decreases 
of the earth's gravitational field and provide enlight- 
enment on what lies below the surface. When a great 
number of gravity readings are taken,and digested 
and placed on photo maps, it is possible to draw some 
sub-surface contours, using the actual gravity lines 
which these points produce. The interpretation of 
on land 

the contours is a dicey affair/and twice as difficult 
when over water. Before commitment to drilling is 

Paar are ae 
made, promising areas :* more closelyscrutinized by 


seismic survey. See slides 9 and 10 now. 


This is a seismic crew 
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drilling to place a shot in the shot-hole and I think 
the next slide shows the shot actually taking place. 
This method of exploration involves back-breaking 
efforts by highly trained crews and utilizes the 
effect of an explosion or an impact near the surface 
of the land. The explosion or impact forces develop 
longitudinal waves which pass through underlying 


rock formations with differing velocities. Reflection 





and refraction of these waves are measured by time 
intervals between the explosion and the receipt of 
the refracted waves back to the point where they 
started. The measurements delineate, with some 
accuracy, the Aamires depth and dip of the beds of the 
rock structures. More sophistocated methods of 


seismic survey have the vibrous eyes technique, and 





the reflection survey, the latter is used extensively 
and gives good depth estimations. | 
The purpose of the seismic 
search of course is to locate accurately the strategra- 
phic traps, reservoirs which may contain oil or gas 
or both, and the reef accumulations of gas. The 
seismic survey is more rapid.and less costly at 
sea than on land. Ice-covered waters, however, present 
special difficulties of electrical noise which is 
being studied at the moment. 
We cannot pass over this 
subject of exploration and discovery without paying 
our eee eee the special quality of men involved 
in discovery. Their work lies in the deserts and the 


wilderness, and there's a synthesis of discovery. 
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However analytical the cataloguing of results may be, 
here is a work of hands. 


What personal motives have 


these men? We believe their drive is to do their very best 


today to improve the tomorrow and to plan for the 
discovery which proves that what they have done was 
right in all ways, and this must be the very best of 
all rewards to working men. 

tem drtrarartnateall ot the 
work and money spent in locating a drill-site simply 
defines a location where it is possible that an accumul 
ation of gas might exist. Perhaps three years after 
the first aerial survey we might hope to reach a 
time of decision to drill, and : rig may be spudded 
al oe | 

The gas well. Here comes a 
series of slides now. I think we aot go through 
them slowly. I think that's a well in the Sahara. 
Tielookseas tli it was snow but I,don/t think it is. 
This is awell in the Yukon Territory at Pointed 
Mountain. I think the drilling is just completed on 
the upper one and just about to be started on the 
lower one. 

The first slide was in Libya, 
yes,it was in the Sahara all right. This is a Utah 
drill-site. 

I should perhaps say that 


the drill-sites in the delta won't look at all like 











this., I think first of all there will be cluster drillings 


and these mud ponds will be in tanks. The whole thing 
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Will be=very much tidier looking. This is a rig de- 
signed to go to 20,000 feet, and is also not likely 
to be seen here. This iSea, jack-up rig atvsea, 
probably in the Gulf of Mexico, I think, and they'll 
drill 12 to 16 wells right from that one point, if 
they intend using it as a production platform. Another 
deep rig, this one is in Utah, in the mountains, 
there's tremendous action in this picture. I must 
admit that all my life I've had great admiration for 
men who work with their hands. That's a drill crew 
working right on the Resa nares im not sure, «15 
that's the same crew or not, but Lee possibly sis. 1'm 
afraid most of the pictures Seeing show drill rigs 
rather than wells, but a well isn't very much to show 


you. It's a very simple piece of piping involved. 


The discovery hole must yield | 


a great deal more than gas. Foot by foot it has to 
prove or modify the exploratory and seismic data in 
the hands of the crew, and when it reaches the designed 
depth and is proven a well rather than dry hole, the 
production levels are chosen on the basis of what 
exists rather than what was indicated. 

Drill tests of the well may 
prove gas but the structure has to be delineated, and 
an estimate made Paes the flow, the porousity of 


the rock and its permeability, in order to define the 


area and volume of sedimentary pay likely to flow to each 


well to establish the spacing. 
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The field perimeter, 
that is the limite of the reservoir itself, can only 
be defined by further drilling and in due course 
an estimated volume of the gas accumulation, its 
cost of development provides the guidelines, of a 
decision of feasibility of the production of the 


new gas field... 





You have one or two more 
slides, there, fom, have you? | 

Oh, this is a drill stem test. 
-- with the burning gas and condensate and with a 
flare turned horizontal to preserve the structure of 
the peine These tests are quite brief and happen -- 
occur only at the time of discovery. They may involve 
one or two days and that is all. 


This is a similar drill stem 


test, but taken from a floating aridlerig 1) think 
in the Aegean Sea, this picture bo taken, and that is 
just fine. | | : 

| That is in Prudhoe Bay and 
perhaps I could -- the cost of a well Li Rey important +- 
it varies with the factors of accessibility and 
climatic restraints and I naverainunver of round 
figures here which might illustrate to you what the 
costs may be expected to be. In northern British 
columbia, in the Yukon, and in the Delta about $4 millio 
a well. In the Rocky Mountain foothills about $2 
Bild Merk renee ey meee that is in the Panarctic 
groups work, about $8 million." Ravene United. Kingdom 


North Sea, about $5 million, in the plains of Alberta 








roLiLim b¢ juods stled ott ai. bas ,codtuY eda at ,sidmyfoo 


-obgousnsd od ok al tends ,oitoxA pid. saver -eoiitim 





























= mn ; 
oe WT». ar er) dct 
ai a 
4a LOTS DuitT #08 awa 
yolisa sie 12.8 8 YEAMAUE 


any ern al 


.1etemizeq blett edt 


a 


yino nso aisatit tLovisest adt to avimil edd ai tedt 
gaxvoo eub ai bas paetifixbd selsxuwi yd beniteh ed 
ati ,aokssilumuoss esp aris to emulov hetemiseo a6 
3 to ,genilebiup edt asbivorg tonemgolsvsh to 2809 
ett to naitoubo1rg eat to vet eietesed to moleioeb 


> * \ 
oleii esp wet 


» 


wy a eo ne eS ow 


siom owt 1o sto eved vor 


fuyoy eved , mort on ,sobile 


2 


co] tas 
ee 


tees mote I[Lixb s el ent .dO 


bn 


s dtiw bas easensbnoo bas esp paiinuud eft dtiw -- 


perpen ns tment 


to suusdovistea sis eviseeig oF fstnesiitod bonus susit 


‘— 


-- geqged bas teiud stiup ot esses aeeiT pit odd 
eviovai ysm yedT .yxrevooesh To emit edt 38 yino 2NWO90 


ifs ai tedt bas eysb ows 10 SMO 


" os 
pe anaes tn et ae arr vor nom error 


mese [Lind xwelimte s ef aid? 
Anidds I  pLx ffizb pnissoli 6 moet aeast gud ,jees 

at tedt+ bos ,medst esw euudolgq aids ,see teeped ait aL 

| ,enii teut 

bas yea sodbuxd ai al tsaT 
tnstxrogmi yrev ed ifaw s to +800 adit =-~ blyoo I agsdisg 
bas yiilidigeeoos to atodost oft diiw esekisv ti 
bavor to tediwa-s ved I bas etoisijest oisemilo 

ait tadw voy oF etsrdeagilt tipim oid Ssied esauup th 


deisixa miadgiod al isd .od bedosqxe sd ysem esaoo 
$2 tuods, all bitook nhssayom yAsoA edt «at -LLew 2 


Liew 
mobpaiX botiay oi mt “dpoktiim Be side, kon quo 


szedis to anisig edd a .toeL Lim 2 
gored a 3F ¥ Loan 


ALLWEST REPORTING L.-TD. 
BURNABY 2, B.C. 


in 





C.D. Bailey 


“*In-chieft 1541 


about half a million dollars a well. In Texas, 
U.S.A. about half a million dollars a well. 

All of the work from the in- 
ception of exploration to the discovery and the 
installation of the well might extend from about 
five togeven years. And perhaps longer if a pipeline 
has to be approved by government and then constructed. 
The flow. lines of the gas fidd. The flow lines 
connect the gas well to the dehydrator equipment and 


thence «to the fieldgathering pipelmes, the processing 





plant and the main transmission line. IN the 
provinces these works tend to have a temporary 
appearance because of the frequent changes that are 
requied as well as are added, closed down or modified. 
At Prudhoe Bay and presumably 
the Mackenzie Valley, cluster wells, flow stations 


and central process plants will be designed to 





reduce wear and tear on the environment during 

the Bee ace cn and operation. This cluser well 
concept was employed successfully in the United 
Kingdom NOrth Sea and in Holland,where the land won 
from the sea is of such importance « to the people. 
It worked splendidly. Clusters of ten to fifteen 
wells drilled offset covered the production of 
several square miles of land with an occupational 
area of only a few acres. 

Perhaps.,.I\ could => this is 

a very formal diagram of course -- these well 

clusters, each with about twelve to fifteen wells in 


them will be located where the coverage will be the | 
| 


~~ 
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greatest and not necesarily in an orderly row like 
this, but they will be limited in area and the 


facilities for drilling one well can be used in | 





drilling another and not repeated with a mud bath 
for every drill hole and from each of the clusters 
a single line will carry the gas to a flow station 


where it will be dehydrated and prepared and there 





may be six or seven or maybe a dozen of these 
well clusters and then the gas flows into the gas 
process plant where the liquid hydrocarbons are re- 
moved, not very much in the way of liquid ranydro 
carbons from the analysis of the gas of the Delta 
and any . waste liquids like brine “are injected 
back into a safe strata below the ground. 

The gas flows out of the 
process plant, provides local fuel gas and goes 


towards the pipeline. | | 





As the gases of the Mackenzie 
gathering lines will be warm , it is expected that 
thse pipes which are shown and indicated here will 
be carried above the ground on supports form point to 
point in an orderly manner prbably paralleling 
short service roadways. The arrays. May zigzag 
slightly to allow for contraction and expansion as 
the temperatures within and outside the pipes 
change from time to time. 

At the wellhead even 
gases with an analysis as sweet and dry& those 
given for the Mackenzie Delta contain water and water 


vapor. The gases also carry particulate matter from 





| 
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the wellbore, chips ei rock chips, and sand and 
cement. These are tected eam a isenaen ead from the 
gas immediately at the well. Water vapor is also 
removed as it could form hydrates of ice in combin- 
ation with some of the hydrocarbons. When the 

gas pressure is lower then the gas expands. The 


temperature falls with it. This removal may be 





done by absorption Or solution processes or by 
molecular sieves. The sieves may take out some of 
the CO2. When the well pressure is sufficiently high 
‘an expansion refrigeration cycle will remove the 
water to the required dew point aiceedeicn specified 
by the pipeline which is to support the gas. 

The nitrogen and CO? 


fractions shown in the analysis before in the slide 





are small and possibly the pipeline will accept the 
nitrogen. The CO, is mildly corrosive and if 
there is also a trace of hydrogen sulfide,both can 
be removed in a combined treatment with an amine 
solution. If the gas has to be transported as a 
liquid, and this is contemplated at the moment for 
the gas being found on the Arctic Islands. If Lt 

has to be transported as a liquid it must be 
purified at the well head to a very high degree and 
all the HjS and COz has to be removed and it is then 
passed through neaereuiliend sieves for drying and for 
removal of the heavy hydrocarbons and then it is 
Viguiried by reducing its temperature down to 
-250°F in a series of trains of multi-refrigeration 


processes with the frequent recompression to 
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drive it through the system. 

Nitrogen is easily removed 
in this process as it does not liquify at the 
temperatures; used. 

When the gases. are liquified 
to L.N.G., ligquified natural gas, some of the heavy 
hydrocarbons removed early in the process may be 
put back ae the liquified gas to raise the calorific 

| 

value of the L.N.G. to the requirements of the market. 
The gas is then stored in large double wall insulated 
tanks from which it can be loaded into the insulated 
carriers; ships or tank cars, or whatever you have. 

| The by-products removed 
acecie processing plant: are Minéfoua sand valuable. 
Sulphur, propane, butane, and I noticed the Arctic 
island gas contained an amount of heliumwhich is 
extremely valuable. 

The natural gas transmission 
pipeline. Where a gas discovery is made and the 
obvious market is thousands of miles away, it is 
inherent thatthe pipe be large sh diameter. A 
small pipe or a medium sized pipe, especially costly 
to install,would require as operation costs such 
a large proportion of the final sales price that 
the gas discovery would be of little actual value. 
Roughly speaking, about 24 to 25% of the total 
cost of an arctic pipeline would be required each 
year as pipeline revenue for a feasible undertaking 
and the only way to keep the unit cost of transmissio 


within practical limits and the distant transport 
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In Chief 
1 of great volumes is alarge diameter pipe, 36, 42, 48, 
2 Ore 56. 
3 . The »maximum through put of 
4 a pipeline, how much you can get through, is proportional 
3 to the diameter to the power of 2.5 poe eas pressure, 
6 of the nature of the gas and the profile of the 
7 route. Definition of the size of the line therefore | 
8 is subjectto the producable reserves established, 
9 the possibilities of further gas discoveries on the 
10 route, the costs of the damages involved per mile and 
Ei the financing plan available to the pipeline company. 
12 he The designers of the pipeline, 
13 they will have a drive to validate as high a flow | 
14 as possible, aslarge a diameter as ine flow will require, 
15 as high as an operating pressure as the pipe metalogy : 
ae will permit subject to the special low temperature 
= toughness considerations of the Arctic. NUL fobs Melee Gs} 
oe is a complex and lengthy study, but one, which 
£9 when completed, with consideration of the terrain, 
a will help establish the probable cost of the pipeline 
a and albw final study of the development to proceed 
oe and eventually construction to take place. 
23 
24 
25 
26 
2y7 
28 
29 
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The gas will require to be 
raised in pressure from the first process plant exit 
pressure to that selected for the operation of the 


pipeline. This will be done at the initiating compres-’ 





Sor station where the gas may also be cooled to a 


temperature below 30 degrees, to safeguard against 


temperature effects on the terrain. The gas pressure 
will be depraved by the friction of distance and by 
topographical losses as it travels southward, and 
fis will require intermediate pratauce restoring 
compressor stations originally about 130 miles apart, 
and perhaps aSclose as 40 miles apart when the pipeline 
is fully powered. These stations will each require | 
50 to 75,000 installed horsepower. In general, up | 
to the present have been fueled by the gas in the 
pipeline; it may be that the Sain Be this almost 


universal practice will be re-examined in the light of | 





the new values of natural gas, and perhaps other forms 


of power will be utilized. 


An ideal would be a self- 
restoring hydro-electric power generated in the country 
which the pipeline traverses, but this may be too 
much to hope for because of the long time it takes to 
build hydro-electric generating equipment. 

However, the liquids removed 
from the gas at the process plant may prove sufficient 
for the fuel needs of the first and perhaps the second 
compressor caewant This,in the absence of an oil 
line,will present a dual ee ar cert ispoeal 
and gas economy. I should say that the biggest BEY nar | 
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In Chief 
1 the gas pipeline has is itself. It burns a tremendous 
2 quantity of gas to drive the gas through the pipe, and 
3 that must amount to somewhere between 5 and 7% of all 
4 the gas carried. 
5 The other stations following 
6 the first and second may have to continue with gas 
7 as a fuel, although some liquid supply may become 
S: available on the route. I said that because you pass 
9 quite close to Fort Norman where oil is available. 
10 Any pipeline crossing the provincial or territorial 
sae boundaries, or having an international destination 
12 must be designed and constructed to the requirements 
13 of the National Energy Board of Canada which can be 
14 expected to include special environmental and socio- 
es | a Wentcan protection, design requirements specific to 
16 the project, the requirements of the C.S.A. standards, 
7 together with any special requirem ents of the Reo Tice 
18 or of the territory. 
19 A construction plan of the 
20 pipeline. The possible construction plan of the 
21 Mackenzie Valley Pipeline must contain the solution 
22 to the very large logistics problem which is involved. 
23 This solution may be assisted greatly by the general 
24 route being accessible to materials by rail, by river, 


and by coastal sea tansport. While the construction 
people wavolwed hot £PFansport and sustenance 
will be by air , the construction force may number in 
-total (without including services), about 5,000 people. 
The effect on the valley and its people must be very 


carefully controlled to ensure that it is temporary 
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minimal and hopefully, beneficial. We believe the 
route will be carefully divided into sections, where 
construction tends to be similar -- under-ground or 
over-ground, or by soils analysis, and that in these 


sections,bases will be emplaced, possibly where future 





administration and service centres are planned. Each | 
base will have an air field with complete navigational 
aids, communications, health centres, stores, dormitor- 


aries and work shops. They may be connected to the 


river by road. Double-jointing of pipe, coating or 





repair of coating, and principal maintenance of 
heavy equipment will be carried out in the section 
bases. Sub-bases or portable camps will reach out 
upstream and downstream of the base and be arranged 


so far as possible for all-season programs. | 





I don't quite know how many 
bases are contemplated for this pipeline, but probably 
four or five. When ground conditions or wildlife 
movements do not allow continuous year-around work, 
the men will be moved seasonally to sections of the 
route where they can help advance the project. 

We believe that the regions 
traversed by the Mackenzie Valley Pipeline can stand 
the wear and tear of a wisely planned construction 
program. How the people of the valley will make out 
depends,at least in part,on the work of this Inquiry. 
We wish it well, as do all Canadians. 

Construction may last about 
three years, and will be an opportunity to display the 


common sense, the reason and the responsibility of 
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the Canadian people during the great project. I have 
no doubt about that. 

A Base load concept for a pipe- 
line. Natural gas from the frontier, when available, 
is not likely to greatly increase the existing distri- 
bution systems. It may maintain the present rate of 


export, but should not materially increase this volume 





oOfaabout one trillion feet an nually. It will, of 
course, greatly reduce the proportion of marketed gas 
exported. We believe the major effects will be the 
replenishment of supply, and security of the future, 
with further use in the electrical power generation and 
petro-chemical production. It is very important that 
the great cost of the frontier developments be reflected 
in their efficient operation. The through-put of most 
existing gas pipelines vary with demand from season to 


| 
season, and even from hour to hour, modified by any 





storage facilities near the delivery ends of the 
pipélines. 

In the new system, Mackenzie 
Valley as an example, examination should be made of 
the possibilities of taking demand swings on the 
prairie producers, and holding the Arctic pipeline 
on base load as far as possible. This base load, for 
illustration, may be slightly greater than the minimum 
Canadian demand, plus any storage intake, plus attache 
export. The plan would actually employthe existing 
provincial production and other facilities closer 


to the market as a kind of a quasi storage system, 


providing for peaks and swings in demand and would 
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‘ permit the new facility to operate at near constant 
2 rate and maximum efficiency insofar as load balance 

3 is concerned. \ 

4 Mr. Commissioner, I have a 
5 film which takes about 18 or 19 minutes, showing the 
6 construction of a recent major pipeline during the 

7 winter, and this would be a suitable time to show 


8) that. 





9 (FILM PRESENTATION) 
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In Chief 
THE COMMISSIONER: I wonder if | 
MreeCancer wishes to object to that, fiim? 
MR. SCOTT: No, he is reserving 
it for cross-examination later. 
Excuse us, Dr. Bailey, 
Carry on, 
A i felte 1G would-be a 


good thing to mention the operational hazards of a 





large pipeline at this time. Hazards exist, and in 
Our opinion they are unlikely to seriously affect 
the environment or the people. Incidents in industry 
experience have been rare, and all have been stridly 
Yocal-in nature. 

Hazard exists in the base 
centres, as if any set area of human concentration, 
fire is the most serious and its effect when local 


to the buildings involved might be heightened by the 





problem created for occupants under severe winter 
weather conditions. In the compressor stations, 

fire from mechanical failureagain can be the most 
serious happening. The industry automation practice 

- reduces the number of people on the site, ad protected 
safety arrangements for” the control room. almost 
certainly save the staff. The fire would be extinguishe 
by closing off the gas supply to the station and would 
be of very short duration, probably less than an hour. 
It may require that the station be by-pagsed, which 
would reduce the throughput of the pipeline until 


repair was made. On the pipeline itself, everything 





will be done to ensure the safety of the pipe; but 
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falure can occur,either through accidental collision | 
of a vehicle with a pipe, or through a metallurgical 
fault. Pipe failure usually results in fire at the 
point of rupture. A fire, if it should occur, could 

be extinguished in two to three hours by the automatic 
cut-off of gas, through the drop of pressure within 


the pipe. It will cause total damage to the pipe 





involved but little else, and should not exceed one 
mile in length. - 

No cleanup will be involved, 
and we would eee repair to be completed and service 
restored within 80 hours of the incident. 

The hazards of transport and 
travel prety eal pum uo the north, but the procedures of 
the pipeline company should reduce these to a minimum | 
level. Distribution of natural gas to consumers. 


| 
I've been asked to move ahead fairly quickly. Engineering 





of a distribution system is fairly well standardized ana 


iis Of high quality, as isthe inspection service. In 


“spite of the safety records, in spite of this the 


safety record has occasionally been marred by disruptive 
incidents which caused concern. A distributor has 

two special responsibilities, he is the cash register 
for the entire industry, payments for all gas sold 
excepting for export are received by him. ‘The distri- 
butor deducts from these payments his own costs and 
return, and remits the balance to the transmission 
company who in turn pays the gas producer and gatherin 


pipeline, retaining a balance for transmission costs. 


The distributor is the latest contact with the general 
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public. These responsibilities have been handled quiet+ 
ly and well and the companies involved have earned a 


certain community respect over the years. In Canada 


there are three types of distribution agencies: 
: Private enterprise companies 


: Crown corporations 





: Community ownership. 
Groups (a) and (c) are 


generally regulated as to prices, schedules and 





practice by Public Utility Commissions of the 
provinces. Group (b) is answerable to the Provincial 
administration, and of course there is a difference 
in access for the consumers in the two forms of 
regulation. Distribution appears to work fairly Wells) 
The Crown companies are more heavily staffed and 


therefore not quite so economical as the private 





enterprise companies. The future for the Canadian 


industry. 





I've tried today to give 





a kind of a capsule description of the industry as 

it is, and I hope the gas involved has not been too 
aenesthetic in its effects. On the future of the 
industry, I have spoken to several of its leaders 
with the conclusion that they see about as much of 
the future as I do, which is not a great distance. 
There is uncertainty of the changing political 
government pressure on the private enterprise founda- 
tion. This is a reasonable state of doubt under 
present circumstances, and should be cleared up. The 


industry performance shows a healthy rate of metabolisit 
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which indicates that greater and better directed 
progress can be made. In my opinion, it is essential 
for a national policy in gas and oil to be established 
as soon as possible. Who owns the gas in the reservoirs, 
of Canada? I'd like to see it made clear that this 
belongs to the people of Canada, now and in the future. 
The administration of the resource is in the control 


of the provinces, and should so continue. But it must 





be laid down that the people of British Columbia, 
are Canadians living there; the people of Alberta are 
Canadians, even if they live in Calgary; and the 
citizens of Quebec are Canadians all with a vital 
interest in industry. Controls should therefore be 
limited by the obvious requirements of a reasonable 
treatment of the consuming Bhovtheesrng the producing | 


provinces, so that the coherence of all our people 





is increased. The cost of gas in any part of Canada 
should vary only with the cost of transmission, 
long or short, and of course the producing area is 
favored by this thought. 

The gas produced, when the 
royalty and other provincial dues are paid, should 
become the real property of the producer and must : 
commend a price giving a fair return on funds for 
future discovery. The present prices are too low, 
and an adjustment will not affect the competitive 
position of the product. Moreover, any property owner, 
including the gas producer, has responsibility and 
he must produce and deliver or be replaced by someone 


else. Such an industy 745 no place for capricious 
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handling of gas supply. Gas and oil people present 

an independent aspect to the public, they're not 
independent at all. They built up an intrastructure 
and depletion and other allowances and special tax 
treatment; this creates general distrust among many | 
Canadiana. The recent apectacle of Syncrude increscaress 
this, particularly when a pioneer company is performing | 
reagonablly well under the present circumstances. | 
But enough of this. Criticisms are well meant and | 
the particulars of over-employment of limited eee | 
low financial profitability of the industry's own | 
making, poor amortization of funded debt, an dan sail 
lingness to put all of the costs into the gas bill, | 


all of -this is in the hope that the future will be 


more profitable than the past, that produceable reserves 
will increase, and that financial Diquidity wil develop 
and will improve. The industry is vital to our welfare 
and I hope for its success. 
Thank you, Mr. Commissioner. 
THE COMMISSIONER: Thank you 
very much, Mr. Bailey. The Inquiry appreciates very 


much your coming to share with us the benefit of your 


for us. hank yourtagain, Sir. 


| 

| 

| 

| 

great knowledge and experience in surveying the industr 
(WITNESS ASIDE) 


Me SoCorr: Mr. Commissioner, | 
| 


ean Pl suggest a break of about 1 1/2 to 2 minutes when 





everyone who wants one goes outside and gets a cup of 
coffee and brings it back? I want to continue right on 


if we can. is that satisfactory, that rather arbitrary 
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recommendation? 
(PROCEEDINGS ADJOURNED FOR TWO MINUTES) 
(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 
MR. SCOTT: Mr. Commiss#oner, | 


the next Commission witness in the overview is Dr. 


R.F. Legget. 





ROBERT FERGUSON LEGGET, sworn: 
THE SECRETARY: State your 
full name, please. 
A Robert Ferguson Legget. 
DIRECT EXAMINATION BY MR. SCOTT: 
Q Dr. Legget, I understand 


that you're a graduate of the University of Liverpool 





and did your graduate work in engineering at that 


university as well. 
A Thattistcorrect;, sr. 


And then you came to 


Canada in aout £o29% 

A '29, yes. 

Q I understand that from 
1% until about 1947 you taught in the Engineering 


Faculties of the University of Toronto and at Queens. 





A That isiecorrect , (sir. 

Q And that in 1947 you were 
the founding director of the building research, I 
suppose a division or section of the National Research 
Council, 

A | Thatnispcorrectyicyes. 


Q And you remained director) 
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of that division until your retirement from the National 
Research Council in 1969. 

A Thats “correct; *sir. 

Q I'm also told that in 
1940 you made the first of a long series of visits to 
Northern Canada, the Arctic and the sub-Arctic. 

A Correct. 

Q Yes. So this territory 
is well known to you, is it? 

A Not as well known as 
perhaps it might be, but I've seen most of it. 

Q I understand also that 
from 1944 until 1969 you were the chairman of the 
Associate Committee on Geotechnical Research at the 


National Research Council. | 





A That Ws correct, sir: 

Q And@that: in Tact in 
1972 you were the chairman of a pipeline conference. 

A Yes. 

Q Who organized that 
conference? 

A The National Research | 


Council, through the Associate Committee. | 
Q Yes. Well now, Dr. 
Legget, I told you not to stint yourself. Don't worry 


about time, we began a little late today, that's 


not your fault. Please car ry on as you think best. 


A Well, Mr. Commissioner, 





I would like to start, sir, by thanking you and your 


staff for permitting me the privilege of meeting with 


haitndl pits an ramets se: Tada wobervin an80 26, 
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you on a Saturday morning. I'm only sorry that the 
hour is so late, but when I look at the task that 

| 
has been assigned to me on your behalf, sir, of review-| 


ing construction in northern Canada vit lpm to: be 
worthy of the task that is mineutecan *¢ do 1t un halt 
an hour, but I will try to be moderate in my time, 


sir, and I would like to say that if there are any 





questions ,Mr. Commissioner, that you would like to 
ask, or your staff, while I am proceeding, this I 
would welcome because I'm attempting to condense what 
is an immense subject into a reasonable constrictus. 


What I would like to do, 





sir, is first of all and perhaps a little unusually, 
to give an historical sketch of construction as we 
know it in these modern days,in Northern Canada becaus¢ 
in a very strange way that can be comprehended within | 
my own lifetime, in 1940, for example, I saw the First) 
! 


| 


machinery going in for one of the firstelittle- water 
power plants, and this gives a different outlook, I 
think, to the problems with which you are faced. 
Secondly, to speak in a little detail about the devel- 


opment of the Town of INuvik, which typifies problems 


and solutions of construction in tHe TOrthD. 





Thirdly, to deal very briefly with the major problems 
facing construction in the north, and then to deal 
with something that might at Pee aie Op bemrds 14 te Le 
unusual, but I hope to be able to show ae hein Oak cy 

part of the overall picture, and that is what Lack 


like to call the information problem on northern 


building, and then finally to make a few concluding 
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remarks to show how all this ties together in what 
is one of the most remarkable phases of construction 
in Canada. 

In doing this, sir, I propose, 
subject to your agreement, to confine my remarks 
generally to the Western Arctic, although much of what 
I will say will apply to the Eastern Arctic also; not 


to say anything about the Yukon because the Yukon 





story is a different one, and it doesn't really affect 
directly developments in the Mackenzie Valley, and 
finally, as a final preliminary which I say with some 


embarrassment, but after discussing with others what 





it was thought you would like to hear, and what might 
assist you, I find that in making the presentation 

I shall be forced to talk about things that I have 
been personally involved in, which is against the grain, 
I don't normally do this, and so I beg your indulgence, 
Mr. Commissioner, if I mention the first person more | 
frequently than is my want. 

Starting with history, then, | 
the remarkable thing is that it is such a very short 
history, because there was really nothing significant | 
in the way of construction in Northern Canada until 
we come to the 1930's, which is over a relatively 
recent date. Until that time the only construction 


that took place of any significance was the erection 


of buildings, simple buildings, and ancillary structure$ 





by the Hudson's Bay Company, the independent traders, | 
{ 


and the Royal Canadian Mounted Police. 


This, when one first makes 
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such a statement, is usually questioned, but I've | 
never yet had anyone who, after they had looked into 
it, find that the statement is inaccurate. 

This being the case, one 
says, "well, what about transportation?" Transporta- 
tion was very elementary, even though the Hudson's 
Bay Company did introduce the first steamboat on the 
Mackenzie River system in 1886, which goes back of 
course quite a long way; but this was a very simple 


steamboat and it was operated merely for three months 





to serve the small Hudson's Bay post down the river, 
and didn't involve any construction, and so even with 
this I think one can still say that until the 1930's 
construction was something literally unseen up here. 
The first airplane flight to 
the north, as probably has been mentioned, and I 
do hope, Mr. Commissioner, I don't repeat what has been: 
said by others earlier this week, the first flight 
to the north was in March, 1921. The Royal Canadian | 
Airforce started the aerial survey work that has meant | 
sO much and has permitted the preparation of maps such 
as the one behind me in 1922. Imperial Oil had made 
their small discovery of oil at Norman Wells in 1920. 
They drilled the first wells in 1921, but there was 
no market for the oil, confirmation, I think, of lack 
of any activity in the north, and so the six wells that 
had been drilled were capped in 1924, and remained 


capped and unused until the '30's. 





The small refinery that 


Imperial Oil build a Norman Wells, the one that is 
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in hier 

1 familiar to many of us, was erected in 1939 when 

2 things had started,in a way that I shall mention in 

3 just a minute, and some of the oil from that small 

4 refinery was taken up to Great Bear Lake through what 

probably 

2 has’ been already mentioned, the first oil pipeline 

6 in Northern Canada, around the Bear River Rapids, which, 
7 was constructed in 1939. It was 8 1/2 miles long, not 
8- much of a pipeline, but it was the first northern 

) pipeline. 

10 Then after that, things increabed 
Ld in activity, mainly because of the start:of mining. 
12 Mining started on Lake Athabasca and Great Slave Lake, | 
13 in the 1930's, with the discovery of gold, and on 
14 Great Bear Lake, with the discovery of uranium ore 
15 in the same period, and this is a very wonderful part 
16 of the whole story of the peti ity up of the north. 
17 By 1940, that is at the end 
18 of the '30's, the mills were capable of producing 
19 1,700 tons of ore per day. A small quantity by normal 
20 standards, but a lot for Northern Canada; the first | 
21 water power plant, a very small one of 3,300 horse- | 
22 power, had been erected in 1937-38, to Bus a Bete 
23 mines on Lake Athabasca and the town of Goldfield. | 
24 The second water power plant was built in the year | 
25 | 1940 to '41, now this is vhtene I saw myself, some of | 
26 this activity, again a very small one, 4,700 horse- : 
27 power, to serve the gold mines in this Yellowknife 
28 area. 
29 
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The cost of the first 
plant, the Wellington Lake plant was$1.5 million, 
to generate only 3,000 horsepower and of thet $1.5 
million 1/6 of the total cost was the transport 
of the materials. I mention this figure, sir, to 
indicate as will become more and more evident 
the key place that transportation occupies in all 
northern questions md in particular in construction 
in the north. : 

Reviewing the situation | 
in 1940, the town of Goldfield existed on Lake | 
ReWabaeta with the population of 1,000. It disappeared 
within ten years and there is nothing left. | 

The Town of Yellowknife had 
a population of about 1,000, the same in 1940 and 
we know what it is today. El Dorado had been shut 
down. There was no market for the uranium ore, 

a strange commentary on what was to happen so shortly 
after, and in 1940,to date the period and the 

recent activity in construction, the Hudson Bay Com- 
pony was still using their sternwheelers Still 

fired with wood that was carried on boerd by men 

from wood lots on the side of the river. I saw 


this, I travelled on these ships. 





The first diesel tugs 
had just been introduced a few years before to 
push barges instead of the sternwheelers. The 

Northern Transportation Company had just started 
because of developments in relation to El Dorado 


and Hay River, which we now know as such an important 
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transportation centre was a small indian village 
and doing what does not come naturally, Mrs 
Commissioner, may I say that I have here a copy of 
a paper that I wrote in 1940 entitled "Construction 
North of 54" and in this I describe everything that 
had been done and it consisted of one small water 
plant, the refinery at Norman Wells andthe beginnings 


of a second water power plant and that was about 


all and I could not even mention permafrost because the 

name had not been invented. But we recognized the | 

existence of perennially frozen ground. | 
Then, Sir, the war came and 

this of course changed things forever. In the 

first place, El Dorado was opened up, the Northern 

Transporation Company and the mine were taken 

over by the Government of Canada and we all know 

the results of that takeover and the reasons for it. 
The most significant develop- 

ment though,in relation to your immediate studies, 

Mr. Commissioner, was the development of the CANOL 

pipeline. This was one of the strange developments 


of the war, but at the time seemed to be a rational 





and reasonable thing to do,because of the fact that 
the Japanese had over run the sources of oil in the 
far east and it was done with the best of intentions 
and with magnificent courage and enterprise .although 
fortunately itnaver really had to be used to any 
significant degree. 

Very briefly it meant the 


construction of a pipeline ffom the Mackenzie River 




































. opelfiv mb bbat {ieme 6. is ecmambanentA 
a4 ae enon Jom Beeb terlw paiob Bas 
to yqon 6 sen oved F sett yea! Z yon , toaoiee bamod 


| roitoatenod” belitéos 0bOL at Stouw I stadt  Teteg 6 i> 
isd? priidtyrewe sdhioeeh I etfit mh Bae “he 20 dsroU je 
tetew Lien sae to hetebenoo tt bas enoeb assd bed 1a 
i | 
| eorigiiped eftbas elieW nseriok Je yronitex ed , tala i* 
. Juods sew Jedt bas tasiq xewoq steatew baoose a To re 
pul SRusDed Seren AR noijnem seve tom Blyou T bas ifs je 
ait Leoxsinpooer ow tuG .Bbedneavak mesd gon Bed seman jor 
) .Snvorp nasovtkt ylilainisreg te Ss RSIS IK a ’ 
. Sra eneo yew oat , tie . ned? s# 
eit al .‘everol spaidd beepers esemuoo to aint yet 
HusAhstoeyY sda .qu benego esw obsiod [a ,soe8lq Fert? = 
nevlet srew onim edt bas yaseqmo> noktezoquasi?t yes 
word Ifs sw brs ob6a6) to sasmateved edt yd revo vat 
-3Jt 161 encgeser sid base szevesdss tended to etivess eAx oe 
. ~qgoleveb tusotliapie deom sat | bile 
| ,eslbsse sisthommk xnoy o2 sotteler at »dpwodst taem ies | 
JOUAD oft tnemgoleveb sit esw ,reKoksekmioDd . 1M jos 
| einangofoveb epnsxte at to ene aaw eid? .enbiegig ‘hea 
| -fanoite1-s od ot salad ened oat 25 tua TSW. ett to pal 


tsid Jost oft to eauesad iOb-od -paidd ¢ldscossex Bas 
eit ai Lio to sepiwo2:edd aux -tevo bed Seonsgel ele 
. ‘ ‘ 

enoisnedat to sued srt dtiw- snob asw di bas tase yet 
: 


jipyodtis saitersiao bis spsuvoD tneotktinosam étw bas 
y%s of bsew ed os bed yliser 


F ait tnsom tio yltetad hs fea wes 
‘tevin sdsmoo6M orld ict ontts iq a 
way T g a d 


steel are . ‘ie Ue 
rai co : 





ALLWEST REPORTING L.TD. R.F. Legget 1564 


BURNABY 2, B.C. 


In Chief 


opposite Norman Wells,over the mountains to White- 
horse and this was a tremendous undertaking because | 
this area had not been surveyed, it was difficult 
terrain indeed and with all the complications and 
logistics of building a pipeline that was about 
2,000 miles long -- 1,500 miles long, a telephone 


line and a road, but this was done in about two years. 





It cost, we do not know how much. The estimates 
vary from $150 million to $300 million. The $300 
million is probably the more accurate. The pipeline 

itself was a four inch line first and then a six inch 


line, the telephone line ran the whole length as did 





the road. 





The building of the line 
Was carried out by American Armed Forces and it was 
passible because economics did not enter into 
it. The job had to be done and it was done, at 
tremendous expense of manpower and great economic | 
drain, but in times of war this can be forgotten. 
It did involvethough, and this is the one thing that 
is significant, the transfer of 60,000 tone of 
freight on the old system coming up from 
Edmonton by the Northern Alberta Railways to waterways} 
transfer by barge to waterways, barge from waterways 
to Fort Fitzgerald above the portage at Fort Smith, 
transfer over the portage to Fort Smith and then 
reshipment in barges ‘from Fort Smith down the 
Mackenzie to Norman Wells and the fact that this small 


and very limited transportation system,with the aid 





of all the money that was needed and all the manpower 
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that was needed was able to transfer 60,000 tons 
in those two seasons, whereas previously 20,000 tons 
in one season was an outside maximum, is one of the 
great construction achievements of the war. 

The line was abandoned, the 
pipe, insofar as it was possible,was removed, the 
buildings were used,if they could be moved and I 


find it significant to be standing here when our own 





first research station in the north was lcated into 
rather derelict CANOL buildings. They did not 
last very long but we did use them. 

To the west: during the 
war there was the building of the Alaska Highway | 
which should benentioned and the construction of | 
the airfields on the northwest staging route.’ Again, 
great constructin achievements, but with little sence 
ficant effect on the Mackenzie Valley. To the north, : 
immediately after the war, but we can count it in the | 
war time period, was the construction of the six 
joint U.S.-Canadian, or as I now prefer to say, | 
Canadian - U.S. weather atavidns at Resolute Bay, 
Noel Bay, Alert, rwaeeuolee eiia Eureka. These’ 
were a development of the need seen during the 
war for much more information about Arctic weather. 
Their installation was a magnificent performance. 
Again, economics did not count and so they did not 


| 
give us any significant information that can be 
used for peacetime purposes, but they represent a 


significant achievement in the north. ‘They are 
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; still operated,now under completely Canadian 
: operation with U.S. participation. We do not know 
: what they cost because the large flotilla of ships 
: that brought in the materials was largely a naval 
>| operation, one of the greatest naval flotillas that 
4 the north has ever seen,if not indeed the greatest, 
' but we do know thatit costs today about $3 million 
2 to operate those six small stations which gives 
: gome indication of the economics of the logistics 
re of operating stations of that kind. 
a The buildings themselves 
Pe were simple in the extreme, naturally single storey 
a buildings, the equipment not very elaborate, some 
os towers but not unusual towers and so agian they did Bet 
oP give us very much in the way of construction experience. 
ae Then after the war, after 
a the weather stations were opa@ating, other develop- | 
a ments took place. Again, and I will put these, 
os if rit inays Sir, first, with regard to the needs 
for defense. ONe of the most interesting and one 
ft of the most little known was the erection of a 
& very large steel tower for Norvan purposes, navigation 
o? al purposes at Kittigazuit It was in the days when 
bi radar and radar navigation developments were accel- 
a erating rapidly ana7it was not necessary to use 
a it for many years, but it was erected on perennially 
i frozen, silty ground with all the difficulties that 
oe that involves. It performed quite satisfactorily 
. and stood for about ten years before it was disman- 
0 


tled. “A quite phenomenal achtevement in view of the 
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lack of information at that time about design in 
the north.Much more important though were the 
developments of the three defense radar lines. 
The distant early warning line, the DEWline, the pine | 
tree line and the mid Canada line. These too were | 
abhe by the Forces of the United States and Canada | 
at a cost that we now can be fairly certain exceeded | 
at a cost -- that did exceed $1 billion. A remarkable 
gum and because they were so secret at the time and 
to a degree “still, we have very little information 
about the constructional problems. Something was 
published about the remarkable work done in locating 
the Sitds by .means of aerial photography and this 
was one of the first major applications of aerial 
photo interpretation and the sites selected were all 


done in this way and then checked on the ground 





and so far as I know have all proved satisfactory. | 
The mid Canada line has now been phased out of 
operation and so the buildings stand there untouched 
and unsung. The other two lines are still 
operating, still performing faithfully their 
intended function, but again without too much 
significant contribution « to the techniques and the 
knowledge and the information necessary for . 
ordinary construction in the north, but they must be 
mentioned because they do xepresent such a tremendous 
contribution. 

If I might now turn, sir, 


to the Gvelopments in mining. The mines at 
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Yellowknife although not at Goldfield’ were still 
operating at the end of the war and in 1945 the total 
value of ne mining products in the north and I 

give these figures, sir, as an indication of 

the SST PET the degree of mining, was half a 
millinn dollars. In 1955 it had risen to $25 million 
and in 1965 to $77 million and in 1975, this 

year, it might be as much as $100 million which is 
quite a lot of production from mines and yet to 

set it in perspective, this represents only about 

2.5 % of the total mining production of this 


country, so that even though the Pine Point mine, which 





represents a large proportion of this total,is a 
very eminent mining ooperation and a very large 

i one, it still is only a part of a much bigger operation 
if we look at it country wide. But what it did - 


do,was that it fully opened up the proper development 





of the Pine Point mine, it led to the constuction -- 

it with other things, led to the construction of the 
Grimshaw Road to Hay River and then following that 

the constuction of the Great Slave Lake Railway by Canadian 

National Railways that is now operating so satisfactor- 
ally. This railway was built - - I speak of the 
railway rather than the road -- was built between 1962 
and 1967 at a cost of about$86 million, for a length 

of 432 miles and it has been operating quite successfull 

with no problems because of the fact that its location 

was most carefully evaluated by those responsible. 
First by aerial photographs, then by using the ad- 


vantage of the unusual geological features along the 
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way and as a result of this and I stress the matter 
of location and planning, Mr. COmmissioner, for | 
reasons that will later be obvious, the reasons that 
have made the Great Slave lake Railway such a 
satisfactory and efficient operation, but it had of 
course another effect. It destroyed for all time 
the old transportation system to the western 


Arctic through Edmonton with NOrthern Alberta Railways 





to Waterways at Fort MacMurray, then the sail by 


barge down the Athabasca to the Portage, thet use 





of the Portage to Fort Smith and then down to 

Great Slave Lake, because as we all know, now we 
have Hay River as agreat transportation centre 
and I would, sin, ift-limight inviteyattention,to the jf 
fact that the construction by the Northern Transpor- | 
tation Company of their really outstanding Axerein 


drydock facility at a cost of,I believe,something | 








like $10 million has set the seal for a long 

time to come on Hay River as the transportation, 

trans-Shipment point for all shipments for the 
western Arctic and the Mackenzie River Valbty and 

this is perhaps,anyway the most significant construc- 

tion development of whitch I can speak. 

Taking a brief glance of 

at the easter Arctic, and I mention this more as 

a matter of inerest,sir, than of value, because it 

- something planned but pomp neti Hees There was 


in the days when transatlantic flying was all by pro- 
‘peller planes the urgent demand for major air base | 


as far to the east as possible thatcould be used 
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: bo ea nosedankec planes for refueling and a great deal | 
: of money, more than one million dollars, was spent | 
: on the planning of a great development at Frobisher | 
: Bay, anew airport, a remarkable building complex | 
5 





and all the ancilliary features. Fortunately it was 
not built -- I say fortunately because the planning I | 
think might have been improved Spas vge by what we know 
now -- because of the advent of jet planes, and Fro- 

biher Bay of course has been developed but in an entirely 
different way from what was planned in the 1950's -- 


one of the unwritten parts of Arctic development. 





Buty Tetturns finaldyjna sin, 
in this historical view, on which do hope I am not | 
spending too long, but I hope that it will give 
the overall constricture, to the development of the 
town of Inuvik. As you know, sir, and most of those 


present until Inuvik was developed the main centre 





in the north was the town of Aklavik and a friend of 
mine was the man who founded the first little building 
that led to Aklavik being developed as a centre. It 
was developed as a signal station by a young lieutenan 
in the Royal Canadian Corps of Signals in 1922 and 

he has often said to me how much he regrets putting tha 
signal station in that particular spot -- not that a 
settlement was not needed, but that particular 

spot was singularly and unfortunately chosen beause 

it lies on a plain in the great delta,that is only ll 
feet above normal river level and of that 11 feet, as 
we discovered in our test drilling, six of the ll 


feet consists of ice and 5 of the eleven feet consists | 
| 
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of soil and therefore when after the war, when the 
Government of Canada did finally _ == start to 
look at the needs of the north and what should be 


done to provide the necessary facilities and Aklavik 


was looked at and a new school was planned for Aklavik, 


test drilling was carried out on the site by some of 
my colleagues, and we found this state of the ground. 
This showed that if any development took place and 
if any further development of the surface took 
place,as was necessary in any decently finished off 
term, that there was likelihood of serious settlement 


and therefore the flooding which had unfortunately 





aLtected the residents of Aklavik every year, at the time 


of the spring flood,would be far worse and since the 


needs of people then,.as always comes first, it was 


seen immediately, but because of this condition of 
the ground, development of Aklavik in the ordinary 
way just was impossible and therefore at a meeting of 
the advisory Committee on Northern Development of the 
Government of Canada, a committee that included the 
deputy ministers of all the interested departments, 

a meeting held in 1952,at which I was present, we 
reported the results of these investigations of sites 
at Aklavik,after much discussion and with the greatest 
concern for what was involved, that committee recom- 

to 


mended/the Government and the Government accepted the 


decision that a new townsite had to be found. 
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A team was developed by the inter- 
ested. departments and the National Research Council. | 
It did the initial study of the entire delta in Ottawa 
in the building of the Building Research Division by 
photo-interpretation methods. And in the winter, on the 
tables of the divisional building, twelve sites were 
selected as the best twelve sites in the entire area of 
the delta, one hundred and fifty miles by fifty miles, 
As soon as the spring came, the first helicopter in the 


North was sent north to assist the survey work. The 





twelve sites were studied, they were narrowed down to 
four. I was priviledged to go up there and study each 
ofsthe four with,othere, ,;and, it was. quite clear that.one | 


of the four was the most desirable. We, then called it 


"East Three". And I was _ priviledged to be there in 





the summer of 1954, just before the final decision was 
made by the then Minister of Northern Affairs, The : 
Honourable Jean-Lasauge. He came up there to make the 
decision on the spot. The site was chosen for een 
that I needn't detail, because these have sir, been 
written up, and one of the references that I might 
perhaps present to your offices, is.. a, paper that describes 
the selection of the site of Aklavik. It's called "The 
New Aklavik", the name had not then been chosen, and 
this describes the method that were used, the reasons 
for the move from Aklavik, and the reasons for the choicd 
Of Tnuvik, Mainly the grading, the local geology. 

Then the planning started, and I 
needn't go into any detail on this sir, because you know 


the town, and you know that because of the condition of 
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permafrost, all the buildings, apart from a few simple 
ones, had to be founded on piles, which I shall be 
mentioning in just a minute. The simple buildings were 
founded on pads, another technique. The roads were 
carefully laid ovt so that they would be well drained. 
There was a good supply of building material, and a 
reasonable anticipation of getting a good water supply, 
and so the town was developed, and so it is today. 

And two years ago, I had the 
priviledge of visiting it again, and examining every 
building, in detail and I found not any single evidence 
of any failure of any sort in the foundations of that 
town; even though it is built on what many might regard 
as the most difficult ground conditions to be found any- 
where in Canada. This is, I think, a testimony to the 
design of the consulting engineers, and the construction 
techniques of those who built the town. 

. And at the same time, of course 
Yellowknife was developed. But here the problems were 
different, with so much solid rock, which in one/¥8Yan 
advantage, in another way is a disadvantage, but this 
was the beginning of the developments that we now know 
as the New North. 

Well this, Mr. Commissioner, is 
a brief summary of construction in the North, which is, 
as you see, is a story really of the last thirty-five 
years. Against that background, might I now ask if we 
might consider together the major problems facing anyone 
who wants to build anything in the North, whether it be 


a pipeline or any other major construction development. 


| 
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; And I say any other because it 
> has been said time and time again, that if there is a 
a need for it, and if the economics JUstiflyeat, Its evils 
4 to build anything in the North. Jokingly we have said 


% that we would build a fifty storey skyscraper at Resolute 
é Bay, if someone will pay for it, and then someone explain 
7 why it is needed. This is said in joke , but it has, 

8 as do many seemly facitious statements more than a grain | 
9 of truth in it, because our knowledge of the North is 


10 such now that this now can be done. The question as to 





1 why it is needed, and who is going to pay: for’it, aré the 


12] impediments. And against that, I would like therefore to 


14 about them and if we do proper planning. 
15 I submit sir, that there are four. 
16 First, the matter of permafrost. Secondly, the matter of 


17| the effects of climate. Third, the matter of transportat 


13] ask what are the problems that can now defeat, if we know) 
on, 


| 
| 
{ 
| 
| 
1g |} and the economics associated with transportation. eee E 
19 || and perhaps in some ways the most important, the matter o 

20 || Manpower. 

ait Now I understand Mr. Commissioner, 
22]) you have a briefing with regard to permafrost from my 

23|| fxiend Dr. Ross McKay, so I will Start, if I may, knowing 
24], him as I do, where I think he probably left off. As you 


25 || know, and as he stressed sir, permafrost is not a material, 
26 || despite all the things that are said about it. It is a 

27 || condition of the ground. The condition of the ground 

28] wherein it is perennialjy frozen to some appreciable depths, 


29], because of the local average air temperature. This being 


30] the case, if ground is solid rock /*Sthere “is “ne "real 
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problem. That is why, at Yellowknife for example, building 
is no problem from the point of view of permafrost. If 


however, the ground consists of water bearing soil, silt 


clay or even fine sand, the water will be ice and if you | 





interfere with that, then you are going to have problems, 


and therefore you must somehow preserve the condition of 


the ground if your building is to be successful. 

If there were time sir, to quote 

references 
from ancient references we could give you many, of early 
settlers in the North, notably from the Hudson Bay 
Company who discovered this to their cost. There are man 
small buildings that show what will happen if you don't 
know what you are doing, and if you don't preserve the 
. integrity OF Se erence 

Against that background, let me 

suggest that in design, when you have to design 


structures in the North, there are three ways of proteeeine 


the ground in its frozen condition. Either, in the first 





place, you isolate your structure completely by putting 
them on piles, as has been done at Inuvik.. That's the 
best of all examples. Theutilidors,the buildings, the 
schools, as you know are all atsove the ground, so that th 
air in wintertime can flow underneath pa 2 keep the 
ground in it's frozen condition, and in reese the 
integrity of the permafrost, And as is obvious to anyone, 
this has worked entirely satisfactorily, despite the extra 
cost involved, but there is no problem as a result of any 
undue settlement or interference with the ground. A 


second way, is to, if you have to interfere with the 


ground, to install a refrigerating plant and freeze the 
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ground after you have thawed it. This sounds rather 
stupid, but there are some cases. where this is the only 
solution. Fortunately, throug’. design and good fortune 
we have not had to use this solution in Canada yet. 
There is however, a power station in Alaska, that is 
maintained in its position by refrigeration of the ground 


beneath it. A very costlyway of doing it, but it can 





be done. The third way is the simple way. Of SNS be 
as one can, what depths of fill, preferably a porous 
fill,like sand and gravel or crushed rock, what depth of 
fill you need above the naturel ground, preserving it by 
suitable means, such as placing brush over it, what wea 
you need to prevent the heat from the building that you |, 
are going to put on top of the slab reaching through the 
. thickness | 
/ of your pad of granuline material into the ground. 


If you make the depth thick enough, then the heat will be 


dissipated before it reaches the ground. I trust I am 





explaining this in reasonable terms sir, because it is 
a matter of heat transfer. And it is possible, by very 
straightforward methods, to calculate the depth of sand 
that you need above any permafrost condition,if you know |. 
what it is. To be certain that the heat from the buildi 
you erect above will not reach the ground and therefore 
the permafrost will be preserved. And the best of all 
examples is the airstrip at Inuvik. 

Here was a demand for the 
building of an airstrip, to carry the largest planes 
available on the worst possible condition, because it 
was unusually high water-bearing silt upon which that 


airstrip had to be built, because of location requirements, 
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iy and therefore, before work started the ground was lg oo 
2 The permafrost was investigated carefully, the ground 

3 above, the muskeg cover was not interferred with at all, 
4 and we were then able to calculate the necessary depths 
5 of crushed rock in that case, that would be needed upon 
6 || which the airstrip could be founded. When the calcuiations 
7 were done, it was checked indepencently by one of our 

8 friends in the United States geological survey, who agree 


9 with the figures, and the airstrip was designed on that 


10 basis. In order to do the necessary and desirable 





ee research)as it was being built, recording thermo couples 
12 were imbedded in the fill and they have been observed 

a3 and read regularly from that time to this. I checked on 
14 the results just before coming away to this meeting sir, 
15 || .and I am assur_ed the airstrip is still performing 

16 ~ exactly as it had been planned, despite the fact that 


he you have there a black surface that absorbs solar radiation. 





18 And therefore have one of the very worst possible pend inne 


19 for thawing the permafrost condition, unless you have 
20 taken precautions. 
21 The precau;.tions were taken, 


e2 actually the permafrost has risen slightly, rather than 
23 degrading, and the strip is performing and has a surface 
24 today that is the equal of any airstrip anywhere in 


25 Canada. Despite its location, so it can be done, and 


26 this is the reason that I mentioned this particular case.| 
2d Turpning..coutne difficulties in 
28 construction presented by permafrost, these are very 


oa) easily stated, because they fit with what has to be done 


30 in design. If you are on ground that consists of the 
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frozen water bearing silt, this is going to be kept in 
| 
its condition in practically every case, by the protective 
cover of muskeg, to use the delightful Indian name I 
like but other scientists don't, they call it peatland, 
but may I say in your presence,we use the term "muskeg", 
because then we all know what we are talking about. 
The muskeg, mainly because of its | 


high moisture content, it's like a great sponge, acts 


as a perfect insulator for the material underneath. 





And, as I am sure that everyone who knows the North, has 
seen, this is fine, providing you don't disturb it. 
If you disturb it by running just one run of a bulldozer 
over it, you will compress it, you will squeeze the 
water out, you will interfere with its insul_ ating 
effect and when you come back next year, those ruts will | 
be deeper, because the solar radiation has had a chance 
to operate, and you have ruined something that can never 


be replaced. And therfore the one key in construction 





which is absolutely manditory, is that nothing must 
disturb the muskeg cover, if you are anxious to preserve 
it for your design ~ purposes. 

Perhaps, I might just use one 
minute to give a rather graphic example. When the small 
road was being built from Uranium City to the little 
port of Bessell on the north shore of Lake Athabasca, th 
foreman in charge of the road building was an old man 
who knew the North, who knew muskeg, and who knew 
exactly what to do. He didn't let his men even walk on 
the muskeg before they cut the brush down and covered it 


with brush, and they walked on the brush. The sand and 









wall Oe ran et > re | _ 
| + My 


ped i Lats OniT O94 aa Tew de 
evel step . ‘| | : ! 0.8.8 veaWRUS a, 
| * Feeds ci 





. . 
| fit qed sd od pittop af etd tlie patyesd totsw rasox? 
avisossoxg afd yd ,Seeo yieve. yl Isortosaq mt nott+tbrrod ett 
1 eman setbnl Intidyiieh edt sap od \peteum to Tevol 
4 brie ldsneg. JL Ifeo yeds id 8dob etaitdetoe xacso gud. exit 
;SoAeum" mod edly sey -ewysoeereig Woy ait vee T sat sud 
.tuods. paktiss ets /sw Janw word Iis. ew nent seunoed 
(eti- To seusoed yinksm ,pedaum eft ms 
ato )Spioge tsero, s sailvaltt ,dastnoo sivtetom mpin 
. iisontehms: fgizetsm sit aot totefueni Joatiteq:.b 86 : 
ef ~ fuse edd swork one eno yeawe: asi eive mse I as , baa 
+: dtutelo .3'noh, voy palbivorg 4@akt et Sant. -cess 
|, sesobl Tred 6 — gno deut peidass yd tf dseterh soy 31 
sd? exsoupe [Liw boy ,3 eeetqooo Eifw voy «Il Ievo 
preEite (uegt. att djiw eistusiat Iliw voy ,tuo tzessw 
[liw eturt seodg intl xosd snto> voy nerw bra tootis 
eonead> 2 bed @6f montethbs2 xsloe edd sessosd ;teqesb 9d 
vem ono tedd patddamee baniux oved voy Oise yadeasqo oF 
“poisgquivecao ss yet eno edt etotsed? DARA .besssiqe ad 
ten poitidon dsedt- ait .yrottbasm ylesploeds -af dotnw 
Wiesetg o3 eudiuids. 916, soy “2h, zever osteum ols druterb 
,eSecqiyq ~ aphash axvoy wot si 
‘ong sen tet dipim I yeqsd197 
iema edt nedw des ibeale vii schists tents: 6 evip ot stunim 
skitil edt od yFiO owinsxd moti silted pried ssw bseot 
ec? .epeadsdtA sist to stode stron adt-no [laeest to tt0q 
sam. hfo a6 esw paibi ied baox edt To Sotenio ak asme16t 
vert ow bos .esteum went onw ,dtuct sd wend orlw 
| go Afiew aeve sem etd tef s'nbib of .ob of tadw ylsosxe 
. 
'4r bsrevoo bas oawob deserd edt sun yerlt stoted pedeum ate . i 
\ 
| one base od? .sfeurd edt no boxdisw Yond bas rlewsd Httw 
| : 


ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. 


R.F. Legget 1579 
In Chief 


al gravel for that road was placed on the brush, and a good | 


| 


2 road was obtained. He went away on a two weeks holiday. | 





3 While he was away, his assistant took over, His assistant 


4 was a younger man, who knew everything, and knew that | 
5 the old man was just being silly, and so proceeded to 
bring a bulldozer in and tore the muskeg off. If you 
ever, Mr. Commissioner, drive along that road, may I 

suggest with great respect, that about halfway along, on 
the northern side you will see an area that looks as 
though it had been a volcano. This is the silt that 
was disturbed by that two weeks operation of the bulldozer 
andwity took™ five" years~ before” it came? to a stable conditipn. 


The road had to be'‘changed. So this is a perfectly simple. 


perfectly straightforward , but very difficult requirement 


in construction. And it is difficult because it affects | 





access. 


These sir, are the ways in which | 


permafrost, once you know it, can be dealt with, in design 






and construction. But my qualifying words are, or course|, 
vital. The primary requirement is that you must, if I 
may presume to use such a word sir, emphatically, you 
must know what site conditions are in detail before any 
work is planned and certainly before any construction work 
is carried out. And in order to do this, you must therefpre 
know what the structural function is of the structure 
that's to be erected. If there is to be any heat loss 
from it then the necessary calculations must be done in 


advance. 
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This is the special sort of 
that must be done 
planning/before any construction, be it small or 
great, is carried out once the southern limit 
of . permafrost is passed. 
Now comes the second problem 
and that's the effect of climate. This we can deal 


with fairly easily because it's fairly straight- 


forward. You will know, Mr. Commissioner, from what 





others have said, that it's not the intensity of the 
odd in the winter that is the serious problem, it's 
the duration of the cold. The further north one goes, 
the greater the number of degree days, the greater 
the length of the winter season,the greater the 
problems of winter Gonstruction, and these are problems| 
with which Canada and the Canadian construction industry 
forfuiiyvercaniiiar. Perhaps Lt°s not: out of order for 
me to say that when it comes to winter construction 
methods, Canada leads the world. There is no doubt 
about this, people come from many countries to see 
how we carry out construction in the winter in Southern 
Canada, the methods in the north are just the same 
except that they have to be used for longer periods. 
The most serious one is the 
necessity for lighting during the winter months on a 
scale that is not known in the south; but again this 
is an easy problem to e441 with, provided you know it 
in advance; and this again points to planning. Here 
perhaps is the point at which I should apologize for 
having to use the word "planning" so often, but by 


the time we finish our review you will see that it 
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J is this, it is the key to construction in the north. | 

2 The Mackenzie River flood, 

3 which in some cases .as is well know, lifts the level 

4 of the river as much as 60 feet, if you're working 

) near the river,has to be known in advance and has to 

e| be planned for, but this is knows. In earlier days we | 

7 did not know very much about the climate of the north | 

8 but through the activities at the six Arctic weather | 

9 stations, we now have a vet; clear and a very good 

10 picture of climate throughout the north of Canada and 

11 on the basis of a number of years, statistically | 
12 enough can be reasonably certain to predict what climat 
13 ic conditions are going to be. The information therefote 
14 is available. If the planning is done, I submit, sir, | 
15 \|)7 . the climate is not the problem that most 
16 people think it is. | 
1? { Turning then to the third, | 
18 transportatbn, the big jobs that I mentéoned earlier 
19 and one of my reasons for mentioning it was to emphas- 
20 ize this point, such as Canol, the Dew Line and the 
21 weather stations, were all carried out without regard 

22 to normal economics. If you have enough money and 
23 enough men and the need, as I have said earlier, you | 
24 can do anything you wish in the north. But when we | 
25 come to normal construction, then we have to consider 
26 normal economics, and this means that transportation | 
27 of any construction materials and construction equipment 
28 will have to go by land or water. Fortunately, we | 
29 have in the Mackenzie River system one of the world's | 
30 | 


greatest water transportation systems. Unfortunately, 
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available for only three months of the year, but are | 
Showing what can be done now that Hay River can be 
the trans-shipment point. Perhaps it has not yet | 
been mentioned that in 1973 the Northern Transportation 
Company carried as much as 400,000 tons down the civeot 
That's a phenomenal achievement and I've been advised 
that they anticipate that with the necessary equipment 
they should be able to reach 600,000 tons in one 
season. If you compare that with what I said earlier 
about 20,000 tons being a maximum for the old . system, 
you will see what advances have been made. : 
But: even that may not be 


enough for major jobs, and I'm speaking naturally in 





general terms for now, and here is where winter roads 
come in, anaes perhaps I should stress that while 
recently some of us have been delighted to read a 
very enlightening and lively account of winter road 
construction, perhaps, Mr. Commissioner, you too have 


seen it, this of course was on a very modest scale 





carried out by wonderful people, to whom we must all 
pay tribute; but if winter roads have to be used on 

a major scale, then its going to be an entirely differ- 
ent operation,in that these roads will have to be 

made, that is to say by preparing proper ice formations! 
where the ice is weak, by proper grading in advance 

of winter conditions, and if this is done,our aoieatas 
of ice as a SH ee been studied now in building 
and snow as a material, and the ways of handling them 
are such that it shouldbe possible.with planning to 


prepare winter roads capable of carrying te heaviest 
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1 needed loads for any sort of construction for an 

if one 

2 appreciable period, and/therefore couples the use of 

3 designed and specially constructed winter roads with 

4 the potential of the Mackenzie River system. We have | 

-) a tremendously powerful system for transporting the | 
6 heaviest loads throughout the entire valley, and this | 

7 is one of the good features of the problems that I'm : 

8 describing. | 
9 But again, and here I must | 
10 mention the word again, this means advanced planning, | 
11 because the Northern Transportation usually finds then 

12 selves booked solid before they start to move a ton | 

13 from Hay River, and winter roads, as I've just indicated, 
14 can't just for the purposes of major operation, be done 
18) 


with no planning. They must be planned at least a | 
{ 
\ 


16 year ahead, and for transport requirements on a major 
17 scale, allowing for the facilities that do exist, 
18 wonderful as they are, at least ‘two years a8 advanced | 
19 planning must be done. This, Mr. Commissioner, 
is probably the major difference, apart from permafrost 
ot between construction in Northern Canada and constructio 
ee elsewhere. The methods are similar, the equipment is | 
23 Similar, the materials are similar, but to have to plan 
an two years in advance is something that in the south. 
oy where one can immediately go to a store and buy some- 
6 if you . 

thing, £ haven't got it; these are the big differences 
ie and why planning on a major scale has always to be | 
a done for any construction operation, even the smallest | 
sacs and why a time scale for construction in the north is 
30 


so different to what it has to be and can be in the 
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1 south. 
2 The final problem, I ven- 
3 ‘ture to suggest is that of manpower. I'm quite | 


sure there's little need for me .to.\go into»itiin any 





detail except from a construction point of view, Peat 
others who have preceded me have talked about the 
northern people, their needs, their simply marvellous | 


capabilities,;when it comes to construction operation, 





capabilities that make us people from the south look 
like tender-feet. This,I pay due tribute to, having 
seen their skills in operation. But we must remember 
that their numbers are limited. The numbers of able 
bodied men are limited in the north, and many of them | 
have aiready jobs doing excellent and vital work in 
the north. So that the number of northerners available | 
for any major construction operation is limited. This 


means that men will have to be brought in from outside, ! 





there are all the problems that that means, and again 
this means planning. 

I mention this problem, sir, | 
merely to indicate that I recognize it, even though as 
I say I'm quite sure it's been dealt with. 

These then, sir, are the 
problems, not insuperable, problems that can be 
recognized, if they are recognized and if I might 
repeat this one thing, if proper site investigation is 
always carried out well in advance of design, well 
in advance of construction, anything is possible in 


construction in the north. 


But the planning requires 
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1 information and knowledge, so may I turn to the other 

2 major aspect of this overall subject that I would like 

3 to place before you? 

4 This is the nub of the informa- 
=) tion problem. Here, sir, is where I speak with unusual | 
6 AFfidence, - and you'll see why in just a minute. As 

7 I've indicated from what I've said already, the infor- 
8- mation is available for building anything in the north ! 
9 -- climatic information, permafrost information, in- | 
10 vestigation information, you name it, it'S available 
dd if you know where to go, an d if you go and get it. , 
i2 But unfortunaely, all too often when we hear of problems 
13 in the north, they are problems created by people who 
14 don't know that the information is available or if they 
15 | do, they didn't go to get it, and I have myself seen. 


to my intense regret,;so many examples in the north of 
what I would venture to call, with great respect, Mr. 
Commissioner, re-discovering the wheel, that I felt 
it was desirable that I should ask if I might use a 
little of your time to stress the importance of it. 

I do so because the National 
Research Council, as the war came to an end, recognized 
that construction throughout Canada, once that awful : 


war was over, would be something quite different from 


what Canada had ever seen before, and so in 1946, before 





the war actually was officially over, they had con- 


they should set up a national construction research 


sidered this and decided that the time had come when 
Organization, to aid the construction industry which, 
| 


as you willknow is by far Canada's Argest industry, 
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i. As this industry grew to an extent that even ther. could 
2 not be foreseen and faced problems that never before | 
3 had been met, and so it was that in 1947 the Division 
4 of Building Research of the National Research Council 
5 was eatablished, and I was privileged,for reasons that | 


I can never really understand to ask if I would | 
leave teaching at the University of Toronto and go to | 
Ottawa and start something that didn't exist. I talked 


to people, amongst others, the chairman of the then 


Defence Research Board, aS we groped our way in the aes 





days trying to decide what we should do from the thous- 
and and one things people expected us to do. There 

was far too much for any one organization to do, so 
we selected the five major branches of building that | 
were peculiar to Canada, one of which was building in : 
the north, and this was in 1949, We started our | 
work on studying the problems in the north in 1950. | 
At the time we were regarded as rather unusual people af 
I'm choosing my words there, the words used in eat 
were not quite so polite, but some of us had the MASSON 
that the day would come when knowledge of the north 
would be necessary, and so our first effort was to get 

a young man, a young research officer, and he booked 
-- engaged a boat at Hay River and went down the 
Mackenzie River and studied every building that existed 
in the Mackenzie Valley from Great Slave Lake to the 
Arctic, examined each one, examined the problems in 
practically every building in those days, if my norther! 
friends will forgive me, every building had some 


problem, and then listed them, put it into a report, 
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and this was known as the Dooms Day Book of the 
Arctic -- of the Mackenzie; but from that book we 
looked at the problems, we looked at what had happened, 


and from that charted the course that research in the 





north should take. 

The next thing was to 
establish a station so that we could study building 
in the north. This was established in Norman Wells, 
first in the Canol Buildings, later in two pre- 
fabricated buildings which will be known to some, but 
then we found out that the real problems in the north 
were not in the Arctic region where you have permafros 
to great depths, but in the southern regions where 
permafrost gradually faded out, and that is why we 
were so concerned with the limits of permafrost and 


why we moved the station from Norman Wells to work 





out of. Aklavik in the northern part -- Aklavik and 

Inuvik for the northern problems, and to deal with the). 

southern problems by coming up to them from the south 
and for 13 years one reseamh officer spent every 

summer on this work with regard to the boundary of 

permafrost, mainly using helicopter, and from the 

basis of that, the permafrost map that I believe Dr. 


NcKay introduced to you, was produced. This is just 


a map but it carried with it not just what normal 
Maps do, it represents the accumulation of those 13 
years of intense hard work in the north. Perhaps 

if Dr. McKay did not mention it, I might invite your 
attention, sir, to the fact that the map was publishe 


jointly by the Geological Survey of Canada and the 
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National Research Council, as an indication of the 
way in which people can work together, and not in | 
watertight compartments, as is sometimes believed to 


be the case. 


This map was produced in 1967 
before we knew that we would ever face such exciting | 


prospects as those with which the Royal Commission 





is dealing, and we were fortunate to have it. We had 


no second sight , sir, I don't want to suggest that for 





one minute, but it was prepared in preparation for 

the day when Canada might need it. In addition to that 
work was going on with regard to problems. We used 

the Town of Inuvik, naturally, to good effect, because 
some of the installations there were experimental. 
When necessary, instrumentation was installed so 

that we could see how designs worked out in practice. 
These are still continuing, and all this work has been, 


written up, and there is available for those who 





want to read it now, a series of papers dealing with 
practically every aspect of building in the north 
from both the design and construction point of view. 
Amongst the documents that 
was produced was the Building Code for the North. 
This is dated 1968. This is a special pocket edition 
made in pocket size so that anyone in the north could 
slip it into their parka, based on the National Build 
ing Code of Canada, which is used throughout the rest 
of Canada, but with a special section on the require- 
ments that must be taken,in general terms, when 


building anything in the north. I only regret to 
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say that not too many copies of it have been used, 


even though it's been well-publicized. But here it || 





is. It is in the process of revision and it was the 
first such document to be prepared in English. It 

was based, and we have the Soviet document that 
corresponds to it, and I'll be speaking of the Soviet work 


shortly. 





The next thing that I 
would have liked to have been able to produce at this 
hearing I can't because of the only real disappoint 
ment that I suffered in this work, and that was we 
had seen the need once the more recent developments 
had started, for a manual that brought together all 
information on construction in the north, both design 
and construction. We planned an outline and started 
ie work on a manual for northern or permafrost 
engineering, but I regret to say that the National 


Research Council has not been blessed with the funds 





necessary for such operation, and that work had to 
stop because of lack of money and manpower. It has 
now been taken up again, again with very limited 
Manpower and very limited funds. I say this not in 
any criticism of our government, but in explanation 
as to why it isn't fees If all goes well, such a 
manual will be available in the fall of this year, but 
much later than it should have been. 

But the information is there | 
in pees forms, and it has been disseminated in a way 


that is again not well recognized because the National 


Research Council has always taken the view that while 








 epel i an Pi 
| oe ae 
. teppei «1.4 

i Lad at 

1 

i .beav need eved ti Yo eatgoo yusm wos Jon Jsis yee 


| 2t pred tua besivifduq-ifew aved e'ti Mawes mvs 
eft asw ti bas nedeivex Io aesoorg add mt ei 31 .et 
4Y .deifpad oi bexrsgexg 2d ot Jaomoob towe Foxit 
Ssri2 stoeemoob datvoe eft eved ow buns ,beesd esw 


iow toive? aid to pminssqe od if'L brs .34 oF sbnogestios 


/ -Yiatosie 
it zsads prids sxe Sit 
| 2ina %6 sovboug ot elds ased svad ot bexal evaed Bbivow | 
denboqqee ib isst yino odd 20 eavsoed d*msy T paixzsed 
. ow pew secs Boe ,xxow Bide of hoveitva I dads snem 


stneamgoiaveh tneost sxom eat @ono boew.edy mese bed 
‘Is xandtopes ¢dpuord dafd Ieunem s 26% ,besxsze bea 
| npsesh d¥od .ritxon sdt oi morsor1senos Me nolsismxoind 
besdaete bn&é eugiltvwo ne Seomsiq oW .deidouasenoo bis ‘a I 
teortsmieq xo cvedtyon uot Isynem s no aArow ot 
| lshotrisen oft todd yee o¢ Sette: I dud ,eutresaipas 
abnut edt otiw beeeald ased ton esd Lionwod dowse8essh 
o+ bsd drow tent bas ,noissveqo dove 202 Yyreeasven 
aod JT. .xewoqnem bas yarom to xosl Io eameood goze 
bsdimifl yess djtiw nisps ,aiseps qu asist nosed’ won 
ai ton 2@tda yee 1 ebaist bestimif yrev bres tewoqmsm 
nottsasigxe ai tud ,inemntevop two to meiolaeiwo wre 
6 dove ,L[iew gseop Ifa 31 sted t'net Gf ydw oF 26 
tod .ubey eof to [fist oft ni sidslisvs ed Iliw Isunem 
19d sved blvone JL medd tesel doum 

 @sedy et cokdpmiotat eds tod 
| yew & ai betemimezeib nead pert ti bas ,esrro® sed nt 
haste) orld stusosd bosinposes Liew jon nfisps si Isis 
| olidw Jado wetv edt east eyewls esd Liowod dorsseek 


ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. 


R.F. Legget 
In Chief 
it does research that is needed in such bodies as the | 
Division of Building Research, it wants to stimulate 
research anywhere else in Canada by those who can 


do it, and therefore as all of us know, one pant of 


its program has been a granting program to stimulate 

and encourage research at universities. Not only that, 

but under the guidance of the Right Honourable C.D. | 
but minor 


Howe, as one of his great / contributions to this 


country he started an active program of what are known 





as Associate Committees. Now as soon as I mention the 
word "committees" in some people's hearing they react 
Straight away and say, "Well, what, another bunch 


of committees?" 


Bue this is a very special 

bunch of committees. Because of the size of our country 
i 

it is not possible normally for those with common | 
interests living in Vancouver and Halifax to meet and 


share their problems and share their experience, and 





so ever since the war when this technique was used to 
great advantage, the Research Council has set up a 
number of Associate Committees, not too many, the 
members of which are drawn from coast to coast from 
every discipline in one particular field of national 
concern, and the Research Council pays expenses only. 
The time is given voluntarily, and in this way ina 
quite remarkable manner it is possible at any one time 
to get the national consensus on any major branch of 
science in this country. One of these committees is 


the Associate Committee that was mentioned to you 





earlier, the Associate Committee is now called 
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geo-technical research. It was set up as a special 


wartime effort in 1946, but after the war it transformed 


its work to civilian work and in 1948 organized four 





sub-committees on soil mechanics, snow mechanics, snow 


and ice mechanics, muskeg and permafrost research, and 


| 
| 
this Permafrost Research Committee has been in existenc¢ 
Since about 1950, bringing together anyone who is 
interested in Canada, amexpert in permafrost and 
permafrost research for a sharing and pooling of infor- | 
mation, for the sharing of problems, and for the 
stimulation of research, and one of the ways to do 
this is to call a meeting and ask anyone who is 
interested to come, and the first such Permafrost 


Research Conference in Canada was held in 1958. There 


have been held since then seven conferences. 


I have a list which I can leave, sir, for the record, 


going on to 1974. These have been most stimulating. 





People come to those meetings, with other men and wo- 
men who are concerned with permafrost problems, and 
it is in this way that across this country there is a 
small group of people who know what permafrost is, 
know what the problems are, know where the information 
is.One of the productions of this committee quite 
recently has been a document that has not yet, I 
think, been released, on permafrost terminology, and 
you can appreciate, I'm. sure, Mr. Commissioner, how 
it is essential that those of us who talk about perma- 
frost should use the same words in the same way, and 
that our Russian friends with whom we keep in = such 


close touch, should know the English equivalents of 





fsinsge s 86 qi tae esw FI .dowsenst Isoimdises-oap 
sotansyd Jf tew odd xedie tod ,OdveL ni ttotto omisisew 


| Kot Hosinapte’ SbCl «i Bus Axow asiiivio ot Axow ati 





! 
(| wore ,2olnedosm wous .eninsdoem. fLoe fo eeettinmoo=-dra 
H Snes ,doxtse2ee1 teotisnteq Bos. padtana ,eoinadoem sor bns 
perenne rd need #60 eostt immo) dowsseok deoxi aeced eid? 
| eal otiw anoyas xodtepet patpatsd. deer tuods eoate 
! 
/ bos teoitteirea nit ttegqxsits .shened Al beteetetat 
trode io paitoog'hnas pattsds s sot doseoeox JSeottsmrieg 
sus xol-fine  emelidoug.2o paisisde eft tol ,nolsem 
\ ob 6+ eysw edd 26) one Bris (doteeeax to nolistumite 
ek oriw ertoyns tes Bhs pititeom 6 Ilso ot ef efits 
Jaotlamisd pve tetii sdt Bas ,amoo ot betaaxsdas 
er1scT .820L at. bied esw bheasdD al eomerstnoo . doxwsoesh 
. Benne tol noo nsvee wats eoate bled need Svad 
,brooen scddt wot .xie ,sveel mao I doidw sail se sved I 
-posistumicse teom ased syed sasHiT .bVOl oF no paior 


-ow 5o6 nem tad¢o dtiw. ,epaiseom saods oF enon siqosd 


basa ,emoldoxg taottamzeq Atiw benzoonos SxS ofw nem 
_p et sted Yxtrwo> ehty aedtes godt yaw aidd mk wt $2 
vue Jeotismteg ‘terlw won onw slgyosq' to auozp Lieme 
‘qaitaaotni edt eaxreitw wont .sxys eamatdexq sdz gedw wont 
atiup settiomoo aids to enoljouborg edt. to en0.et 


t ,tey dom @ed tedy tosmusob 6 need esd yitasoox 


won ,tetoLeeimmo) .1M yous m'I ,etseiosiggs méo- voy 
-BNIOHG juods Aled ose au to seorfs sed3 Isitneees et $2 
bas yew ome ars nt ‘abiow mse ott Seu Bruerte sede? 
Hove mi qosol ow moliw diiv abasizt neteant wo sadt 

20 aineisvivpe deilpaa ent? woud Biuorda sowed eects | 


bts ,ypoloniartes taovtemreq no \bseselet need ,aatds 





LIWIL 


ALLWEST REPORTING L.TD. 
BURNABY 2, B.C. 


R.F. Legget 
In Chief 
What they're talking about. So this has been | 
produced, again I will leave this for the Committee 
papers. 
Then not only on the Pe 
Scene but on the international scene from the very 
early days this same group have been in touch with 
those in the United States concerned with perma- 
frost, notably because of Alaska,and particularly 


in the Soviet Union, who together in talks with our 





friends in the Soviet Union and the United States it 
was agreed that in the early '60's, the time had 
come for an international conference, not a social 
event at all, a hard-working conference on permafrost 
problems and solutions. We naturally were expected to host! 
- this conference, but we were too busy with such a | 
limited staff, I only had five colleagues working on | 
northern problems, and I'd been told to reduce that 


| 
| 
| 


number but I put the telescope to my blind eye and 





didn't do it, but we just had five, we were so busy 
that we couldn't organize the conference so we asked 
our friends in the States if they would do it. 

They organized the first conference at Perdue University 
in 1970 -- 1963, and with some deference sir, I think 
I should mention this, that the two opening statements 
of that conference were made by my good friend, 
Professor Tsytovich, the chairman of the Russian Nat- 
ional Committee on Permafrost, and myself as the 
chairmam of the Canadian National Committee on Perma- 
frost, talking together and sharing our experiences, 


in the United States. 
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I think this is an indication of what international 
co-operation has done. 

The second international 
conference was held in the Soviet Union in 1973; 
the third one hopefully will be held in Canada , and 
the planning for this is now being done and we hope 
that we will havethe necessary manpower. This will 


give you inbrief space, sir, the overall picture that 





there is a great deal of information in Canada, and 
one of our delights has been to see at each of the 
Permafrost Conferences a very large attendance of 

our friends from the United States. They do excellent 
work in Alaska, we're in touch with that and share, 
naturally, all the information that we've got with 


all the information that they've got. But perhaps 





it will be more surprising to know that exactly the | 
same thing holds true with regard to the Soviet 
Union, and Im not speaking now of the official dele- 
gations that go officially, and the dficial areements. 
I'm talking of personal friendships and personal visits. 
I mentioned Professor 
Tsytovich, who has been a personal friend of mine for 
20 years, and he sends me copies of all his publica- 
tions directly from his desk to mine; and I send mine, 
such as they are, to him. But more than that, 
sir, we have had the two top permafrost experts from 
the Soviet Union, Professor Vyalor and Professor 
Melnikof, here in Canada for two months as our guests, 
and we took them everywhere. They have been to 


Inuvik, they looked at Inuvik with pleasure, they 
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In Chief i 
i 
| 
1 said, "That's fine, that's just what we do except : 
2 that we don'tput up such elaborate and such expensive | 
3 buildings. How do you get the money for that?" | 
4 Questions like that. Corres- 
5 pondingly, m y colleagues and friends, Dr. Brown and | 
6 | Mr. Johnston, spent three months in Siberia by 
a request, and they, too, were shown practically every- | 
8 thing. We know what they weren't shown and we know why 
9 not, and they were given the most complete and de- | 
10 tailed information of everything the Soviet is | 
1B doing, and perhaps to epitomize it, we once had a crete 
12 from the Director of Construction from Krasnoyask, ese 
a4e igmonesofithercities in the,middle.of.Siberia, it ! 
4 was when other colleagues were away and so I had the | 
15 privilege of talking with him through an interpreter, 
16 we spent a day together, each of us listed the | 
17 problems that we met with in northern building. 
18 Each of us then listed the solutions, alternating, 
19 and at the end of the day our problems were identical 
20 and our solutions were identical. I do want to stress 
21 this bedause there is so much misunderstanding. One 
22 reads that the Russians do this, why can't we? 
23 The reason for the further development in the Soviet 
24 Union, as I'm sure, Mr. Commissioner, you will be 
25 well aware, is that they have industrial mineral 
26 developments and rare mineral developments in Siberia 
27 that we don't have or have not yet discovered. They 
28 have, for example, the biggest diamond mine in the 
29 world, far more valuable than South Africa. They have 
30 gold mines. They have coal in a way that no other 
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part of the world has got, and it's for these things | 
that they have developed towns and buildings in the 
north which we could build just as easily if there 
was the need for them; but their view about the 
northern development is the same as ours. They do 
this, they build these developments, they carry out 
these constructions only when ther is the economic 
imperative for it. 

We have this, as their 


solemn assurance. So this is the situation with regard 





to the Soviet Union, Canada and United States. 

To finish with one perhaps | 
interesting detail, we thought that one of our duties | 
in passing the information on would be to prepare a | 
film on northern building, and we got the National 
Film Board to do this. It was prepared about ten. | 
Vears ago, and it "si called, | 

SeulLloaimo, in ene NoLreh." | 
I think perhaps I should say that I was criticized 
severely for wasting public money on such a film. It 
Usa JoOodiatilm, Is think sand today, ten years later, 
we have six copies and I have told Mr. Morgan, sir, 
that I would bring one with me in case you might have 
the time and the wish Poweee pers 

To my amazement, sir, all 
six copies are out on circulation to universities 
in Canada and have been all winter, and so I shall 
have to use special prerogative to get a copy,but I 


will do this, Mr. Commissioner, if I May, in the hope 





that perhaps you might see it. It's only 15 minutes. 


























aie 
| 
f 


‘ 


F spate saad 16% 2” oh: (Bas FOR aed Bixow ‘oul 20 deg Hi 
ede mi eaethd dee bas anwod begoleves eved vod? dent 
| exads Ri yt bess as taut bLiued bivoo ew dokiw dixon | | 
‘ pity tuods wentv sew sud weds x0 bean ent enw 


— 





a 


—— 


—s 
rl 


of yerT - PTO 26 ose ont et snemgoLeved Hredgzon 





Sar ae 


Ss. “ere 


$ 

ih Be ota yor + 8asingoLeveb osertt blind yond Pr 
\ ay: 7 
| kimogoss oft et arodd aoniw yino anoitowatenoe seo 
ale 


a 4 203 evitexegnl 


i tied? es ,8ins svad SW ; 4 
bxreper sis aviseutiz aria -" eit o2 ,-eonsiwees sonia a 
Lae. depnae oh dteaitt Sake Sbarad ,aoia’ teivoe odd os mst 
‘eqertteg eno diiw deta ot fst of 
| 29. 2ub te 20 ono see tipuodt ow ,lLateb paisestotni jet 4 
| & Basdeza ot ect Siuow 46 noLdsamtot mt ads piieesq me ie 
tenotseu ods iis ew bres sendb Lind rietston 0 mist | + pet 
ast tuods beisge: sq asw 31 .eidd ob oF basod mii 4 at 
| | ‘beLiso s FT: bas ops nie, p Xe 
* Adit oat at omibt iva" jet 7 
basiols to Baw I $end yse bluorte I oyedung aon tett I | ef 
tL ..MLEF « doe 10 youOM pbidug piidgesw $0% tieservas 4 os ‘ 
total exsey ded .vebod bas yinkdt 1 inlet booe a et at 


ale  aepTON <M bio: aad I pas 2eLqo9 eke oven ow 
oved sdipiom Hoy iain ai om lah esto = buat : tent 
oh: eon) Oduitedw: ada Bae emis ari - he 
fis ,sie@ \tnemesime ym of ay 3 - 5 
esitiesavant ot norseduonts | ne 380 918 Belgos xe 
Itade t of Bans ‘iedniw Lis. need over bas shaasd at re | 
| 1 aud, ado 6 dep 02 evidisvorreng cemnaiccrielaceen mh iy lee 
| sqoud ona pk yom I te oguvesta dina jamncchestat ) 
| De tee. a | BOG ing 


it f 
%. @ ; : : 
» > y om = 
. 





1596 
ALLWEST REPORTING L.-TD. 
BURNABY 2, B.C. R.F. Legget 
In Chief 

l It's in color. There are cartoons. There is one mis- 

2 take in it -- oh, the cartoons are not the usual 

3 sort. The cartoon message of indicating what perma- 

4 frost design is, I should hasten to quwlify. It's 

5 an entirely respectable film. It's dated, sir, by 


6 showing a steam locomotive rather than a diesél 


% locomotive, so you know the date on which it was made. 
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Now, the reason I mention 
. this is not only to indicate that a copy is available, | 
: but one copy is in Moscow and their copy is practically} 
worn out and a copy of their film is in Ottawa. They | 
? have a film, but theirs is in balck and white, ours | 
° is in colour -- theirs is half an our, ours is 15 
4 minutes. Apart from those two things if you saw 
=: the two films as I have several times, you would | 
: swear that they were made by the same man. As 
4 proof positive that there is no significant difference 
er in technique or knowledge there is in economics, there | 
“ is in materials. They:use concrete where we use 
a wood. They put up big buildings because of their 
a Mining. We put up smaller buildings at present. 
ze So their information is available to us. We have in | 
a Ottawa a copy of their building code,of all their 
ad major northern publications, most of them are now | 
a translated, they have ours. 
a Finally, sir, perhaps I should 
Ay mention thatthe pipeline conference, when the pipeline 
21 


activity in the north became active in recent years, 
DD now 
the~ associate committee/under another chairman, went 


delight for anybody in the National REsearch Council 


Ee to the pipeline and gas and oil industries and said 

rt would it not be a good idea to sit down together and 

share the problems and see if the National Research 

ss Council is doing what it should be doing. 

a So a pipeline subcommittee 

a was appointed with the full co-operation and hearty 

if co-operation of industry in a way that is such a | 
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to experience. It is always the way when the proper 
approach is made. 
This subcommittee saw the | 
need when the time was ripe for asking if the companies | 
that had been doing the research in the north 
preparatory to the preparation of the pipeline sub- 
missione would be willing to say in public what they 


had been doing. We were told that this would be 





done and so the first presentations of research work 
preparatory to the pipeline submissions weregiven at 
the pipeline conference,the proceedings for which, 
sir, are here, you knew them I am sure. 


This‘ was dmeeting that we 


planned with diffidence as one always does. We geetig ns 
if we got 300 we would be lucky. We had 600 and | 
when I say that wehad an audience of 500 to the 
last minute of the last session, you will realize 
that it was a significant meeting in more ways than 
one and this book contains the first statements of 
the research work which I do hope will be of assistance 
in the further developments of the studies now being 
made. 

One delight was that six of 
the 600 came from the Soviet Union h@.ded by the 
deputy minister for the oil industry who came over 
specially with his senior aides. I had a delightful 
talk with him and he told me, through an interpreter, 
because unfortunately I do not speak Russian and he 
did not speak Canadian, that he told me that he had | 


to come to Ottawa to find out what they had been doing 
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because his colleagues had got together a paper which 
they gave us telling what they had been doing, but 

he said that the entire trip had been more than worth- 
while for what he had learned about what’ we were doing 
and so here agian is the same thing. 

Then after that there 
has been mentioned to you already, sir, another 
meeting, but I thought that I should mention it to. 
The one at Mount Gabriel, the proceedings for which 
are in this elegant blue book. THis is "Science of 
the North" and again, the six basic papers in this 


book and the discussions I trust may be helpful 





but ttey do indicate the widespread interest and the 
acceptance of problems in the north but with the 
acknowledgment that the problems can be met if people 
Weil Go -for ithe information, and -this,, sir, 1. will 

if you will permit me, make my one repetition, because 
so much work has been carried out in the north by 

those with the best of intentinns,with expert technical 
skills in buiking, in civil engineering, in construction 
and architecture who just did not take the final 

step in asking what other people knew of the area in 


which they were going to build. There is for example 





an example far from here of a new town plan that 
was developed, a beautifulplan, and today is a 
Splendid town, but it happened ot be on the southern 
limit of permafrost and the designers did not know 
that. Le they had put. a telephone call through to 


Ottawa, the location could have been spotted on an 


aerial photograph, so for the cost of perhaps $3.00 
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1 they could have found they were on the edge of perma- 
2 Erost, butigthey, did mot« | 
3 There have been construction | 
4 operations in the far north carried out by people | 
5 who were expert construction mentin the south of | 
6 CAanda who thought that in the north they could cpply. 
7 the same methods, but you cannot, and so with your permi- 
> ssion, Mr. Commissioner, I would like to quote just | 
3 one thing from the Mount Gabriel seminar. | 
10 There was a working group 

11 there considering the paper on technology consisting 

12 of really perhaps the most expert group that one 

13 could select ftom the whole of Canada beeehose who 

14 know the north, who know the problems and who 

i> : know what must be done and their unanimous decision ! 

Le was that they would recommend this: "that the | 

a7 group urges that prequalification of all designers 

18 of publically. financed buildings and structures for 

od the far north and of all contractors for publically 

20 financed northern work be Mandatory." In other words, 

ai that no designs and no construction be carried out for 

ae the north of CAnada except by those who know and 

e? can prove that they know what the problems are and that 

24 they know where the eoumemian is and if that 

se requirement had been in vogue earlier, such problems 

£6 as have arisen and have created unfortunately in 

ae some places and in some cases wrong impressions about 

a8 building in the north, these could " tave been avoided 

a and this points finally, Mr. COmmissioner, to 

= the need for making sure that this does not happen | 
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in the future and this means training;and here we 

: are up aginst .a difficulty because there are 

; problems in the rest of Canada that require more 

: than the manpower we have available and so the 

manpower available for the special technical work of 

: the north is limited, but there is, and it is a | 

i privilege to say this, training on northern problems 

sf now being given to engineers at Universities of 

2 Alberta, the University of Waterloo and Ecole Politiqu 
oy in Montreal. Thee may be others and if there are, 
a and I'momitting them I apdlogise, but to my knowledge, 
iy these are the three where regular instructions 
a an introduction only to northern problems 1a given | 
ee to undergraduate engineers, but this of course is 
ig just a beginning and because of the needs and becauge | 
ee of the eminent desirability of this prequalification i 
= which means pretraining being made mandatory as I hope} 
oe to see, there will be the need for training on a scale 
e that has not perhaps yet been fully realized for any 
7 of the great construction that is to be carried out 
= in northern Canada,if and when that takes place, 
= and this -- and I speak particularly with regard to 
- enginpering, because the engineers in their normal 
ai training do not get the necessary information. 
- It is there, they have to be introduced to sources, 
. they have to be introduced to the need for any ore 
27 : ees being 

formation that they gain in the pope, ~ put into the 

common pile for the common good, and this is a 
: training program that cannot bdhurriedly. dene. | 
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Mr. Commissioner, to say perhaps more than that, 
except that this is not a matter of planning a short 
few days course that can be arranged quickly... I 
visuailize something much more important than 

that See construction operation, andy say that 
of course one thinks of a possible pipeline that is 
to be built in the north. 

Correspondingly with regard 
to training construction workers, here to is a 
problem. Because skilled workers are going to be 
needed. There will be few northerners available 
from other jobs to do this and so my hope is that 
we shall see, if I may presume, with your permission 
to voice just one or two opinions in conclusion. 

I nega that we shall see a 
our northern fellow Canadians trained not so much in 
the construction technides, but in the operation of 
such facilities as are built, such as pipelines, if 
they are built,so that they can continue to operate 
them after the construction crews have disappeared, 
and I say that because, again, and I am now drawing 
all that I have said, sir, to a Conclusion: and 

because my picture 


I speak now as an engineer, /-- as an engineer of 


the future of the north, is the pipeline perhaps, if 


it .is so decided by yourself, sir, by the Governmen 


of Canada, for gas and possibly for, OL.) to, UtI 2 ze 
the resources that nature has given us, the develop- 
ment of mines, further mines, and the necessary rail 
facilities,necessary to supplement the Mackenzie 


system when they are discovered, but beyond that I 
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In Chief 


see the future of the north as the Government of 

Canada itself has stated in its second major guideline: 
the conservation and enhancement of the natural 
environment and may I stress that it is an engineer 
that is saying this because my view of the north is 

we must protect it.For reasons that I hope 

that I have made clear it is one of the most fragile 


environments in the entire world. The environment 





can be utilized for public’ good and for commercial 
purposes with’ proper planning. Planning on 2 

scale that this country has probably lnever seen, 

with the greatest care by manpower properly trained and 
properly skilled, affecting only a minute fraction of 
one degree of the total vast area that constitutes 
this Mare Pte ¢ most marvelous of all natural areas 

in the world and I want as a Ganndian and aa an 
engineer and as a lover of the North to see it 

so preserved, consistent with the pubic good. 


Sir, Ithank you very much 





for your hearing. If I can. answer any guestions, 
I am at your service. | 

THE COMMISSIONER: Thank you 
very much, Dr. Legget. We are gratefully in your 
debt for coming here as one of Canada's great 
authorities in this field and giving us the benefit 
of your enormous knowledge and experience. I think 


that I will turn to Mr. Scott for further guidance at 





this point. (WITNESS ASIDE) 
MR. SCOTT: Mr. Commissioner, 


I am going to ask Mr. Morgan if he will review the : 
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In Chief 
‘i material to which Dr. Legget referred, he had some 
: of it, I just want to ascertain that we have allof 
: it, whether we have absorbed it is a question that 
3 will begin to appear later in the Inquiry. 
: THE COMMISSIONER: I must 
: say, Mr. Scott, that I should like Dr. Legget's paper | 
u on northern construction prepared in 1940 to be marked | 
* as an exhibit, the paper relating to the plan for the | 
: new Aklavik, the permafrost map which Dr. McKay showed 
ao us in slide form, but just in case it was not the 
> same one, the building code for the north, the 
oe committee meetings and the film. We already have, 
Re Dr. Legget, read and felt to absorb the material and | 
a the publications relating -- coming out of the pipeline | 
ia conference and of course in science of the north 
= and we will be rereading that material as we go | 
“fl along. I think I should also say, Mr. Scott, 
Ze that since Dr. Legget is the last overview witness, 
7 the Inquiry intends -- that is, as a gesture of 
ae appreciation to those who gave evidence on the overvidw 
s to present them with the volumes of overview evidence 
ot and the slides when they have been completed in a 
a form that will be suitable and I think that I should 
Say that the Inquiry appreciates the help that all 
a of the overview witnesses have given to us. 
“ MR. SCOTT: I take it, Mr. 
a Commissioner, that our general object will be to 
a mark the appropriate documents on Monday when it will 
e be marked with some others with exhibit numbers -- 
30 





or Tuesday, rather, and generally to assure thet 
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ALLWEST REPORTING L-TD. 


BURNABY 2, B.C. R.F. Legget 
In Chief 


1 Dr. Legget goes back to Ottawa empty handed, 

where possible. | 

3 May I suggest,sir,that we 
: should,-- this being the last overview witness -- 
E that we should adjourn until Tuesday at nine 


Olctock. 


y THE COMMISSIONER: Tuesday 


at mine o'clock. 


: (PROCEEDINGS ADJOURNED UNTIL MARCH 11, 1975) 
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Yellowknife, N.W.T. 
March pid pl 97-5. 
(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 
MR. SCOTT: I have no more 
overview witnesses, Mr. Commissioner. 
I felt at opening this morning 
I had an obligation, in view of my undertaking to you 


to report to you and the other participants about 





Commission counsel's meeting with the officials of the 
Department of the Environment in Edmonton, which arose, 
of course, out of the conversation and correspondence 
with the Minister, which has already been referred to 
in the evidence. 

On Sunday last, March 9th, 
Mr. Goudge, Dr. Fyles and I met in Edmonton with 
representatives of the Department of the Environment, 


including John Tenor, the Assistant Deputy Minister 





of the Department, and Charles Alexander, counsel for 
the Department, and a number of other ' senior official 
The purpose of this meeting, of course, was to discuss 
ways by which the offer of co-operation to the Inquiry 
and its participants that the Minister had made last 
week could be effected expeditiously. The discussion 
and its resolution can really be dealt with under abou 
six headings. 

In the first place, the 
Department of the Environm ent confirmed for us that 
in compliance withyour ruling, the list of Department 
of Environment reports and studies which had been 


filed by the Government of Canada through me, included 
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on it all unpublished reports or studies that were 
relevant and that had been prepared by or for the 
Department of the Environment. So first of all, we 
obtained an assurance from senior officials ofthe 
Department tht insofar as unpublished reports and 
Studies were concerned, the list was complete. 

The second major matter 
considered was that the Department of the Environment 
in preparing its list of reports and studies had con- 
cluded -- I think not unnaturally -- that the purpose 
of that requirement of the Inquiry was to assure that 
complete disclosure shoud be made of reports and 
Studies to all participants. They had not, therefore, 
and were not able to assure us that the list filed, 
set out all published reports and studies, and the 
officials of the pep aeenent indicated -- 

THE COMMISSIONER: Excuse 
me, Mr. Scott; Mr. Waddell, leave that door open, this 
is a public hearing and it should be open. Everybody 
bangs it when they enter or they leave. 

MR. SCOTT: Therefore there 
was some grave doubt that the list would not be complete 
insofar as published reports and studies were concerned, 
though those reports and studies would be available 
generally to the public in libraries, research centres 
and at the Queen's Printer. However, as a positive 
act of co-operation and to assist the participants in 
their research work, the Department of the Environment 
undertook to prepare immediately a complete list of 


all published reports and studies prepared by or for 
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1 the Department from January 1, 1970 up until the present. 
2 They undertook to give this matter some priority, and 

3 advised that that list would be available within the 

4 next three or four weeks. I emphasize, of course, that) 
3 rece documents would normally be available to parti- 


cipants in their research work anyway through libraries 
and other facilities. 


The third matter, as an 





affirmative act of co-operation with the Inquiry, the 
Department of the Environment proposed to make avail- 
able a copy of each unpublished report or study at 
Yellowknife. The procedure will be that when the ae 
ment can collect these unpublished reports and studies 
from their own files, they will be delivered to the 
Inquiry Offices at Yellowknife and we will develop a 
convenient system so that participants or others can 


inspect them at the Inquiry offices or copy them, if 





that is manageable, or in some cases borrow them 
under specific terms; so that the Department of the 
Environment went this far, that instead of requiring 
participants to go to Edmonton or Ottawa to see the 
unpublished material, they would undertake as an act 
of co-operation to make it available here in our lib- 
rary. The Department only wishes to emphasize that 
this unpublished material is made available to the 
Inquiry for the purposes of the Inquiry only, and for 
no other purpose. 

The fourth matter is the 


matter to which Mr. Anthony particularly directed him- 





self, perhaps, and that is the question of participant$ 
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i constulting with officials with the Department of the 


2 Environment. 
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I The Department advised us 
- that it was anxious to ensure that each participant 
? would have the opportunity if it desired to inter- 
: view and consult with any official of the Depart- 

5 


ment wherever he may be. Because, however, it was 
desirable that there- should be some control of 
time allocation,these persons,and because they are 
not all physicdly available in convenient centres 
such as Ottawa and Edmonton, the following routine 
was proposed and is acceptable to Commission 
Counsel. 

In the first place, the 
participant will make a personal arrangement with 
the official with whom he wishes to consult and 
provide notification that that arrangement has 
been made to Mr. Jack Etoch whose address I will 
provide later, but who is a senior official of the 
department..at Edmonton. 

‘The purpose of that notifica- 
tion is simply so that Mr. Etoch will have some 
knowledge of what his various officials and the 
other officials of the Department are doing. 

So in the first place the 
participant will make a personal arrangement for in- 
terview or consultation directly with the official 
concerned. 

In the second place par- 
ticipants -- it is expected -- will not invite or 


require officials in the Department of the Environ- 





ment to perform research or other work, but will 
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‘ utilize this Opportunity for the purposes of in- 
; terviewing them, obtianing their knowledge and con- 

: sulting with them. 

; In the third place, in the 

‘ event that a participant is not certain which official 
he wishes to consult or in the event that the official 
: is in a remote part of Canada, and interestingly 

enough, the example given for an Easterner, an 

P odd one, was that New Brunswick was a remote part of 
z Canada, and therefore that person is not easily 
ny available, the participant will make arrangements for 
as that consultation directly with Mr. Etoch and all 
es possible steps will be taken to see that the official 
i. of the Department is made available at a time and 
- place that is convenient botht the participant and 

to him. 

a7 
* In the fourth place, parti- 
» cipants will provide to Commission counsel from time 
” to time either before or after the event a list of 
a persons in the Department with whom they have consulted. 
s In the fifth place, the 
Pe Department wishes to emphasize that informal consulta- 
ih tion willbe permitted and encouraged by telephon e, 
oe for example, rather than by interview, as long as the 
_ fact of that consultation is communitated to Mr. 
- Etoch and to Commission Counsel,either before or after 
op the event. 
oS Now, Mr. Commissioner, I 
s think therefore,that in Summary what can be said is 


that subject to physical availability and time 
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availability, any participant is now entitled to 


consult and interview any official of the Department, 





subject to those very modest restrictions that I have 
set out and it seems to me that there is no reason 
why,if that process is desired,it cannot begin immed- : 

| 
iately. 

The next matter has to do with 
witnesses. The Department of the Environment indi- | | 
cated and confirmed the matter that Madame Sauve | 
had set out in her letter to the Commission and that 


is that if participants wish -officials of the Dep- 





artment}to give evidence, they may make the normal 
arangements that your rules contemplate for the 
calling of witnesses. I think it was made clear 
to us,that for example, if a participant wishes | 
to call a certain official,he has simply to notify 
that official and to notify Mr. Etoch and POPeAE. ants 
will be made on the basis we outlined the other 
day relating to all government witnesses, in which 
he can be made available here to give evidence. 
Again, because some of these 
persons may be remote from Yellowknife,it is desir- 


able that participants give as much time, as much 





lead time to the potential witnesses as they can. 

The sixth matter and again 
another matter that Mr. Anthony specifia@lly referred 
to,relates to memoranda made in the Department with 
respect to preparation for a proposed intervention by 


the Department. We were advised that 
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” in consideration of a proposed intervention in 
é this INquiry by the Department of the Environment, 
3 the Department had set up an informal task force 
4 which was engaged,conducting a review of the application 
3 and a review of the Government assessment group's 
6 report and a request for supplementary information 
‘ and the applicant's replies. | 
8- The Chairman of the Task | 
9 force has -- is in the course of making a report, 
10 isolating certain areas of concern which developed. 
11 That report is not yet available but we have been 
12 provided with two documents, first of all, a digest 
13 of the material that will be contained in that | 
14 report and in the second place,a list of witnesses | 
15 prepared by the Department task force, setting out | 
16 names of people, both within and without the Seowe nen 
17 who it was thought had expertise that might bear 
18 on the areas concerned. WE have had copies of that 
19 material made and it is available and willbe | 
20 circulated to every participant today. 
a4 When the more formal report 
Ee of the Department is available,it will,of course, 
= be provided, but I think that it is safe to say that 
iy the digest is a complete and full synopsis of the 
sad material that will be contained in that report. 
ee Therefore, Mr. Commissioner, 
sal I think that we are able to report that as a result 
ie of Madame Sauve's letter and our meeting on Sunday, 
_ the Department of the Environment has exhibited, if 
ae I may say this, a very, very high level of 
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co-operation with the Inquiry and a scheme has been 
developed. whereby the promise ofthe Department 
that it would open all doors is being realized and I 
particulatly am grateful to Dr. Tener and his 
officials for the dispatch with which they responded 
to the INquiry's concern in these areas. It need 
hardly be said that there may be, from time to time, 
particular difficulties relating to the whereabouts 
of a particular official or such matters. The 
Department wishesto emphasize that it will take 

all reasonable steps, with all dispatch, to dissolve 
those and it seems to me that if they occur from 
time to time, if they come to the attention of the 
participants from time to time, it would be a happy 
start if they could bring those difficulties to our 
attention first and we will attempt to use our good 
offices to iron them out. 

Again, I simply want to say 
that I am grateful for what I think is a very high 
Standard of co-operation and openess that the 
Department has proposed by these suggestions. I 
think that that is all I have to say at this stage, 
Sir. That material will be circulated today to the 
participants. 

MR. GENEST: May it please 


you, Mr. Commissioner, after being absent from your 


hearings for a few days and reading what went on after 


I left, I might be permitted to say that we are now 


going to start the non-controversial part of the hear-{ 


ings. 
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Pelsei 
| 


Berore beginning, Sir, .1 | 
wonder if it would be convenient. I have proposed to | 
my learned friend, Mr. Scott, and those of the parti- | 
Cipants who I could see yesterday that it might 
be convenient to the Inquiry if we filed at this 
time in view of exhibit numbers, subject to whatever 
requiremants of proof may be imposed, the basic 
documents on which the application is based, that is, 
the various exhibits to the application. The 
application to the Minister for a grant of right-of- 


way was of course filed at the preliminary hearings and 





was given the number Exhibit 3, and I wonder if I 





might be permitted to file the supporting exhibits 
which will be referred to ivedenole the evidence 
of Arctic Gas during these many months and it might 
be more convenient if I did it all in a block this 
morning and identified the documents.Would that 
be satisfactory,sir? 


THE COMMISSIONER:: Yes. 





I think it would be, if no one has a better proposal. 
MR. GENEST: I have provided 
the -- is it the Registrar Staff, sir -- the 
Commission- Secretariat with the documents that I 
propose to file and they are as follows: 
The first will be a volume 
containing application materials with reference 


to location, design and facilities of capecities. It 





covers Sections 8 and 9 -- It is not the facilities-- 
of capacities, I'am told that it is the capacity of | 


the facilities. 
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1 I do not know how we | 
2 want to proceed, sir. Do we give these each an indi- | 
3 vidual exhibit number? 
4 THE COMMISSIONER: I would think 
2) we ought to -- Mr. Scott, you assist us, if you think | 
6 we are on the wrong track? 
o MR. SCOTT: I think we should, | 
S: Mr. Commissioner. It would be easier. 
9 MR. GENEST: And the last 
10 exhibit according to the list supplied to me by Mr. 
11 Waddell was exhibit 48 which was a submission by 
12 the NOrthwest Territories Chamber of Commerce. 
13 So I do not know if you want to start over. I thin k 
14 perhaps -- I think we agreed that to save confusion we 
15 should just keep on going in numerical order. 
16 THE COMMISSIONER: I think 
17 Mr. Waddell -- has an addendum there. 
18 MR. GENEST: Five more Mr. 
1 Waddell says, so 48 plus five is 53. This should then 
20 be 54. | 
21 | 
(VOLUME WITH REFERENCE TO LOCATION, DESIGN AND CAPACI- 
oy TY OF FACILITIES MARKED AS EXHIBIT NO. 54.) 
23 MR. GENEST: The next exhibit, 
24 sir, is a volume entitled Construction Plan Operations 
25 | and Maintenance Plans which covers Sections 13 (a) 
26 and 13 (b) of the application materials and that 
a7 will be Exhibit 55. | 
28 (VOLUME ENTITLED "CONSTRUCTION PLAN OPERATIONS AND 
29 MAINTENANCE PLANS MARKED AS EXHIBIT NO. 55.) 
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MR. GENEST: The next volume 
is a volume entitled "Regional Socio-Economic Impact 
Statement" covering Section 14 (c) of the application 
and with your leave, sir, that would be Exhibit 56. 
(VOLUME ENTITLED "REGIONAL SOCIO-ECONOMIC IMPACT 


STATEMENT" MARKED AS EXHIBIT NO. 56.) 
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MR. GENEST: The next is the 
applicant's environmental statement,north of the 60th 
Pardlel covering Section 14-(b)(n), and that will be 
Exnibit 9 7.. 

(APPLICANT'S ENVIRONMENT STATEMENT NORTH OF 
60th PARALLEL MARKED EXHIBIT 57) 

MR. GENEST: The next is the 

volume entitled: 

"Northerner Training Program," 
and this covers Section 14(x) of the application 
materials. That will be Exhibit 58) 

(NORTHERNER TRAINING PROGRAM MARKED EXHIBIT 58) 

MR. GENEST: The next is 
Exhibit 59, a volume covering alternative corridors 
governing section 14(e) of the application materials, 
which will be No. 59. 

(ALTERNATIVE CORRIDORS VOLUME MARKED EXHIBIT 59) 

MR. GENEST: And following 
which is a companion volume which contains alternative 
corridor draings covering Section 14(e) (i)-(x) of the 
application materials. 

(ALTERNATIVE CORRIDOR DRAWINGS VOLUME MARKED 
EXHIBIT 60) 

MR. GENEST: Then there are 
a series of exhibits covering design drawings and 
alignment sheets, the first of which would be a 
very unwieldy document entitled: 


"Design drawings, Section 8(b)(c) and flow 





diagrams, Section 8(b) (iv)." 


(DESIGN DRAWINGS & ALIGNMENT SHEETS MARKED 
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(EXHIBIT 61) 

MR. GENEST: Then there is 
alignment sheets showing the detail of the pipeline 
materials -- what was the last number? The former 
document, the design drawings was No. 61; and the next 
One will be an alignment sheet showing the detail of 
a pipeline route north of the 60th Parallel. 

(ALIGNMENT SHEET SHOWING DETAIL OF PIPELINE NORTH | 
OF 60h PARALLEL MARKED EXHIBIT 62) 

MR. GENEST: Then another 

alignment sheet for the interior route entitled: 
"Aiignment sheets and full diagrams, interior 
alternative pipeline route, Prudhoe Bay to 
Travaillant Lake junction via the main branch 
Of the Canning River." 
(ALIGNMENT SHEET FOR INTERIOR ROUTE MARKED 


EXHIBIT 63) 





MR. GENEST: And a similar 
document covering the same ground except it's via 
the Marsh Fork of the Canning River. 

(ALIGNMENT SHEET VIA MARSH FORK OF CANNING 
RIVER MARKED EXHIBIT 64) 

MR. GENEST: Then, sir, there 
is an amendment to the application to the Minister 
himself entitled: 

"The first amendment to the application to 
the Department of Indian Affairs & Northern 
Development," 


Za 


which deals, sir, with the route change in the Fort 





Simpson area. 
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(FIRST AMENDMENT TO APPLICATION MARKED EXHIBIT 65) 

MR. GENEST: That will be No. 
65. Then there is a companion volume to that, really 
two, there is an am_endment to the information given 
in the Sections 8-A, 8-B, 13-A and 14-D. Perhaps we 
can entitle that an exhibit in support of the Fort 
Simpson amendment, which will be No. 66. 

(VOLUME RE FORT SIMPSON AMENDMENT MARKED EXHIBIT 
66) 

MR. GENEST: And there is an 
alignment sheet also relating to the Fort Simpson 
amendment, and in the same document is an amendment 
to the design drawings with reference to the alignment 
sheet. | 

(ALIGNMENT SHEET RE FORT SIMPSON AMENDMENT & 
AMENDMENT TO DESIGN DRAWINGS MARKED EXHIBIT 67) 

MR. GENEST:And then, sir, I | 
understood counsel was going to be filing the 
Mackenzie Valley Pipeline assessment pr@ared by the 
Pipeline Application asec ee Group, Otherwise known 
as PAAG, and the government's Assessment Group, other- 
wise known as GAG. I would think they would prefer 
theutarst. 

MR. SCOTT: I presume, Mr. 
Genest, we've heard the end of that rather tired 
joke by now. 

MR. GENEST: I wasn't sure. 

I thought I'd have my crack at it and then it will 
never be heard again. 


MR. SCOTT: It might be 
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1 convenient to give, if you are finished with your | 
. primary filings, if you -- | 
3 MR. GENEST: Well, I was going 
4 to file our response. | | 
5 MR. SCOTT: Well, why don't | 
6 we, in chronology why don't we file the requests for 


Supplementary information first, and that's called 
"Requests for supplementary information concern- 
ing Canadian Arctic Gas Pipeline Limited." 


Could it be given, Mr. Commissioner, the next exhibit 





Number, which is 68? 


(REQUESTS FOR SUPPLEMENTARY INFORMATION RE 





CANADIAN ARCTIC GAS PIPELINE LTD. MARKED EXHIBIT | 
68) 

MR. SCOTT: Then Mr. Genest 
perhaps will file the replies which are contained in 
a brown volume. 

MR. GENEST: Well, if we are 
going to go by the strict order of chronology, the 
report came before the replies. 

MR. SCOTT: All right, Mr. 
Genest. No. 69 then, Mr. Commissioner, should be 


the report of the Pipeline Application Assessment 





Group, entitled: 
"M ackenzie Valley Pipeline Assessment," 
which is the document with the handsome cover. 
(MACKENZIE VALLEY PIPELINE ASSESSMENT MARKED 
EXHIBIT 69) 


MR. SCOTT: And No. 70 should 





be the replies of Arctic Gas to the requests for 
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BURNABY 2, B.C. 
1 Supplementary information, which is entitled: 

Z "Responses to Pipeline Application Assessment 

3 Group Requests for Supplementary Information," 

4 and is the brown volume. It might be convenient at 

s) this time also to give the next exhibit number to a 

6) document entitled: | 
7 "An Index to the application of Canadian 

8 Arctic Gas Pipeline Limited with particular | 
9 reference to environmental and technical 

10 topics." 

11 That index was prepared by the Pipeline Application 

a2 Assessment Group. What Ane is that? 
13 MR. GENEST: 71. 
14 MR. SCOTT: And that, I think, 
15 shold be Exhibit No. 71. | 
16 (REPONSES TO PAAG REQUESTS FOR SUPPLEMENTARY | 
17 INFORMATION MARKED EXHIBIT 70) ‘ | 
18 (INDEX TO APPLICATION MARKED EXHIBIT 71) . 
19 MR. SCOTT: All those are 
20 filed, ao far as we're concerned, subject to the 
21 required proof. | 
22 | MR. ANTHONY: Mr. Commissioner 
23 may I just direct a question to Mr. Genest? My under- 
24 standing of Exhibit 3, the application, is in fact the 
25 thin application volume. We now have further exhibits 
26 as outlined by Mr. Genest, and I was wondering whether 
27 it was the intention of Arctic Gas to also file Sections 
28 4, 5, and 6 which were filed with the N.E.B. as part 

29 of the application, but have not as yet been filed 

30 before this Commission? | 
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MR. GENEST: Well, sir, my 
intentions are subject to change from time to time, 


but at the present it's not my intention to file these 





because my present belief, which may be based on an 


ignorance of some of the issues involved, is that they | 
are not relevant to the concerns with which -- with the 


investigation with which you are charged. 


MR. ANTHONY: Mr. Commissioner, 





if I may then make the request of Arctic Gas that 
this information be filed? In Section 8(a).3 they 
discussed the questions generally of gas supply area, 
as it relates to routing in particular, and they talk 
about expected supply and flow-through and expected 
Capacity, and I think those are covered in Section 4, 


entitled: 





"Gas supply areas," 


Section 5, "Gas supply reserves," and 





Section 6, "Gas supply deliverability." 
I think it may be helpful if that was before us, even 
though the exact issue may not be subject to detailed 


consideration. 
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| THE COMMISSIONER: May I make | 
2 a suggestion, Mr. Genest, so we don't get bogged down 

3 in an argument. Why don't you file them and have them 

4 Marked, reserving your right to take the view that 

5 not everything in them is necessarily relevant? | 





MR. GENEST: That was my | 
that will be quite satisfactory. 
concern, sir,/ I don't think I have them here today, 
but they will be put in in due course. 
MR. GIBBS: Mr. Commissioner, 


along the lines of what Mr. Anthony has said, in my 





Submission there are at least two other documents that 
fall into that category of material, and which my cesorh, 


Mr. Genest, may not want to file but which in my sub- | 
mission is relevant to this hearing. One is the 
financing of the project and I suggest to you, sir, | 
that it is relevant because you're directed to con- 


sider the social and economic impact regianaliy and 





of course an impact on Canada must be reflected within 
its regions. 

There is a second reason, sir, 
and that is that part of the financial material Bthe ccs 
of service, and the cost of service must apply to 
the service to northern communities, so in my submiss- 


ion that finance volume ought to be filed, and as 





well my recoilection, Sir, is that there is one dealing 
with the impact on the Canadian economy and for the 
same reasons, because that is reflected regionally, 

in my submission that also ought to be filed by 


Canadian Arctic Gas. 





THE COMMISSIONER; Well, 
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Mr. Genest, why don't you file all of those on the 
same footing? 

MR. GENEST: I wouldn't like 
it to be taken by filing them that we agree at all 
with Mr. Gibbs' position which seems to be directed 
at just having two National Energy Board applications, 
a dry run here and one down in Ottawa. But I'll 


accept that suggestion, sir, reserving my rights. 





THE COMMISSIONER: I should 
Say that all of the material that Arctic Gas filed 
with the National Energy Board in support of its 
application with the National Energy Board was filed 
concurrently with the Minister of Indian Affairs & 
Northern Development, and all of it was turned over 
to the Inquiry by the Minister, and the additions to 
the material have been sent directly to the Inquiry 
since, by Arctic Gas. I'm speaking of the formal volumds 


| 
that it seems to me are under discussion here this | 





morning. 

MR. GENEST: Sir, I believe 
that as far as the documents filed in support of the 
application to the Minister they are identified in Schedule 
"A" to the application, which is Exhibit 3 in these 
proceedings, and it does not contain the documents 
referred to by my learned friends this morning. What 
was Sacee before the Minister in support of the 
application fora Bane of right-of-way are the docu- 
ments that I filed today, plus of course the amendment 
that I filed today. 


THE COMMISSIONER: Wa le = 
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t MR. GENEST: The other 

2 documents may have been provided, but they were as a : 
3 Matter of information. | 
4 I may be quibbling, and -- but 
5 there will come a time when it will be more than a 

6 | quibble because it seems to me, sir, that we have to 


keep the concerns of this Inquiry in proportion, and 
that you could spend months examining eco subjects which 
will be ex haustibly examined by the National Energy | 
Board. But I will arrange to have these here, reserv- | 
ing my rights. | 

MR. SCOTT: And I presume, | 
Mr. Commissioner, that reserving Mr. Genest's rights 
they will be given exhibit numbers when they're made 
available? 

MR. GENEST: Mr. Gouri seine sd 
I wonder if I could reserve on that question? It 
affects other hearings. I undertake to deal with it 
first thing tomorrow morning, if that's -- I would 
not like to be pinned down at this moment. There may 
be a consequence of my filing an exhibit that I've 
estopped myself or foreclosedmyself. I would like | 
to consider my position in that respect. These docu- 
mehts are, of course, available and can be used by 
any party in cross-examination; but I certainly don't 
propose to make them part of my case. I thought eel 
exercise of filing exhibits were those documents upon 


which I was relying in support of the evidence I was 





adducing before these hearings, so I am not prepared 


| 


at this time to give an undertaking that I will file 
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them as my exhibits. I'll make them available, I'm 
prepared to go that far. 

THE COMMISSIONER: Mr. Genest, 
I think I should say that last year in April and in 
May,I held Preliminary Hearings in Yellowknife, Inuvik, 
Whitehorse, and Ottawa, in which there was a great 
deal said on every side about the scope of this Inquiry!'s 


work and I laid down rulings that were designed to 





limit, generally, the scope of this Inquiry, and I think 
that all counsel have studied those rulings and I hope 
that in embarking upon the consideration of the evi- 
dence all counsel will bear those rulings in mind be- 
cause I don't think there's anything to be gained by 
threshing all of those questions out again. 
MR. GENEST: Well, sir, I 

certainly didn't want to be taken -- I want to say I 


read your rulings every night before I go to bed and 





discover something new. 

THE COMMISSIONER: They 
would put you to sleep, I suppose. 

MR. GENEST: I certainly 
appreciate the scope of the Inquiry. I appreciate 
also that while some subjects impinge, yau have 
faced broad limits and I certainly a6 not want to 
argue that matter again. Perhaps my concerns that 
I have this morning will all go away this afternoon 
and tomorrow you will get exhibits. 

I would just like to have a 
little time to consider that. 


THE COMMISSIONER: By all meang. 
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MR. SCOTT: Mr. Commissioner, 


before Mr. Genest begins, could I raise one matter 





that I think should be dealt with generally? Mr. 


Genest has now filed the summaries that are required 





by the rulings with respect to Panels 1 and Panels 2. 
MR. GENEST: Panel 3 this 

morning. | 
MR.” SCOTT: Well, "I don't act 

to have run across it yet and I want to deal just with | 


Panel 1 and Panel 2. 





We will leatn as we go along, 
I've nodubt that these summaries are full and completd 
summaries of the evidence that will be given but I am 
concerned about one point, dealing with Panel 1 on 
page 14, the summary provides as follows: 
"The panel will be asked to review the concerns 
raised by the Government Assessment Group Report 


and the response of the panel to such concerns." 





I am not at the moment satisfied, Mr. Commissioner, 
that that is a summary of the evidence that will be 
dealt with under that head. I would have thought, and 
I've no doubt it may be possible to do it in subsequen 
panels, that if such a subject is to be dealt with, 
the applicant in his summary will be able to give us 

a reference to the paragraphs in the Assessment Group 
Report, or in the replies for supplementary information, 
and a reference to the paragraphs in the Arctic Gas 
Replies so that we may narrow down and know a little 


more precisely the matters that the applicant proposes 


to deal with in that area in each panel. I think also 
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it would be helpful if in the summaries, the applicant 
were to set out whether his response to the Assessm ent 
Group's enquiry, if that it be,in any given case, will 
go beyond the response that is set out in the replies 
of Arctic Gas. So that applicants will not be con- 
fronted with new material,ao that participants will 
not be confronted with new material without notice. 
Now I have spoken to Mr. 

Genest about that earlier and I think he accepts the 


general proposition I advanced, and will attempt to 





assist us more precisely in the future; but I would 
just as a matter of record ask him to confirm that. 

| MR. GENEST: I do, sir. I 
think Mr. Scott has a point. The original thought was 
that the parties had the assessment and the responses 


but I agree they are voluminous and it's difficult to 





find them, and I am going to try and provide some 

More information on the setond panel and it's a little 
late for the first panel now. I don't think we're 
dealing with very many, and we're dealing with them 
only in a rather general way. This becomes more 

acute in subsequent panels, and I undertake to provide 
a fuller statement of that topic. 

As I say, we're experimenting 
and hope to improve as time goes on. 

THE COMMISSIONER: I should 
say that Miss Hutchinson is the secretary to the 
Inquiry, and responsible for the exhibits.She is the 
custodian of the exhibits. 


MR. GENEST: Sir, we're 
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now starting the eviénce in chief of Arctic Gas on 
the first phase of this Inquiry, and that, sir, will 
be covered in four panels, the first of which I will 
be calling shortly, the panel which is going to deal 
very briefly with the process of route selection, 
explain the route and explainin general terms how 
it was arrived at, and the processes that were ee 
The second panel, a panel 
headed by Dr.Clark, will deal with the geotechnical 


aspects of the engineering of the pipeline. 
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1 Things such as river crossings, bank stability and so 
— | 
3 A third panel will deal with | 
4 the nuts and bolts, if I may call them that, of the 
5 engineering, the metallurgy of the pipeline, the 
6 metallurgical problems that can be anticipated and how 
A we propose to deal with them. | 
oe The fourth panel will deal | 
9 with the construction plan of the pipeline covering | 
10 such things as schedules, logistics, when we plan 
a to be in such-and-such a place, and sir, I propose 
12 to call -- to end our evidence in chief on this 
i3 phase, Mr. Horty, assisted by the panel of two or | 
14 three witnesses, to deal with the policy . matters | 
15 that have arisen out of the subject matters dealt | 
16 with by the previous witnesses. These are experts, 
17 I'm sure it would be helpful to the Commission to hear 
18 from a senior officer of the company as to what it | 
19 undertakes to do and proposes to do and to deal with 
20 these related subjects. 
241 I have run into some -- 
22 whthinemyeown?orasp,. if you call it, -= into some 
23 problems as to how to give a complete outline of the 
24 evidence of the policy witness. We are going to providd, 
25) as soon as possible,the parties with those policy 
26 issues that we see peesenting themselves out of our 
Oi examination in chief, but it is a little hard to | 
28 anticipate what is going to arise out of the cross- | 
29 examination of the parties. So this may have to come 





30 in pieces. We'll try and do our best to give a statement 
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within that two-week limitation , sir, that your 
rulings have imposed. But I ask in advance for some 
flexibility as regards that kind of witness. 

THE COMMISSIONER: Maybe 
counsel can,among themselves, make some progress in 
determining the extent to which Mr. Horty might be 
questioned, because we wouldn't want the whole of the | 
time he is here as a witness to be spent in legal 
arguments. 

MR. GENEST: then, sim if night cat 
my first panel of witnesses consisting of Mr. P.H. 


Dau, Mr. G.L. Williams, Mr. D.W. Watson, and Dr. 





JODS Mollard. I wonder, while they take their places, 
sir, the summary of evidence that I have provided 
to the parties,contains a statement of the position 
and the educational background and qualifications of 
these witnesses. I would,rather than read them at 
great length tinto¥the. record’'] think«Dr.+Moltard | 
would take us the morning, I wonder if I might just | 
file these as an exhibit and highlight 

the witnesses, if that would be satisfactory 
to my friends? 

I have extra copies 
available. I think all my friends have a resume which 
was provided with the summary of avidence, and if I 
might then file with the secretary an exhibit Senehercidle 
of the qualifications and educational background of 
the witnesses. 

We were also asked, 


sir, to provide the participants and I think in fact 
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L your ruling required that we do this, with a list of | 
3 the docum mts which these witnesses have referred to | 
3| or relied -- or may refer to or rely upon in connection| 
4 with their testimony, and I thought it might be con- 
5 venient if that was filed as an exhibit also. Then 
6 | if I then might file with the secretary as the next 
7 exhibit a list of reports relied upon by this panel? 
8 MR. SCOTT: Mr. Commissioner, 
9 I have no objection to that mode of proceeding, but 
10 I think it would be helpful not only to counsel but to | 
11 others who are in the room if my friend would lead the 
12 witnesses to a brief account of their expertise and 
13 their -- 
14 MRS GENEST: Oh, Lapropose to 
15 do that. 
16 | Mee SCOL >: =—— background. 
| 
17 MR. GENEST: I propose to do ~ 
18 that. May the panel be sworn, Mr. Commissioner? | 
1'9 : 
29 GUZ_LESLIE WILLIAMS, sworn: | 
21 THE SECRETARY: State your | 
22 full name, please. 
23 A Guy Leslie Williams. 
24) JOHN DOUGLAS MOLLARD, sworn: 
25, THE SECRETARY: State your 
26 | full name, please. 
27 A John Douglas Mollard. | 
= | DAVID WILLIAM WATSON, sworn: 
29 | THE SECRETARY: State your 
30 | full name, please. 
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Watson - In Chief | 
A David William Watson. 
PHILIP HARVEY DAU, sworn: 
THE SECRETARY: State your 


fullname, please. 


A Philip Harvey Dau. 





DIRECT EXAMINATION BY MR. GENEST: 





Q Mr. Dau, you're the 


1 gentleman on the left of the panel, perhaps I could -- |, 





we've got some signs here but they're illegible 
even .to.me. This is Mr. Dau, this is, Mr «sWilliams, 
next to him is Dr. Mollard, and at the end is Mr. 


Watson. 


Mr. Dau, perhaps I can start | 





with you.You are Philip Harvey Dau, and you are the 








president and chief executive officer of Northern | 
Engineering Services Company Limited. 

A Yes. ! 

Q Could you tell us what | 
that is, very briefly? 

A Bess ga consulting 


engineering group that has been formed to perform 
engineering services for Canadian Arctic Gas. 
Q And what kind of a staff 
has. itt.gots,.coughty2 | 
A Roughly a total staff 
of about 150, of which 100 approximately are profes- 


Sional men, draughting and technicians. 


Q And six, you graduated | 


from the University of Alberta in Edmonton in 1948 











= with a degree of a Bachelor of Science in Civil 
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1 En gneering, is that correct? 

2 A Yes sir. 

3 Q And you're a member of 

4] the Association of Professional Engineers, Geologists 

5 and Geophysicists of Alberta, the Engineering Inst- 

6 itute of Canada, and the Canadian Society of Mechanical 

ry Fngineers. 

8. A Yes "Sirs 

9 Q And you spent a couvle 

10 of years as engineer for a firm of municipal consult- 
11 ing engineers. 
12 A Yes sir. | 
13 QO And then you were Sitioved 
14 from 1950 to 1954 as the construction superintendent and 
TS chief engineer for Sparling-Davis, and that was a firm 
T6 | engaged in pipeline construction. 
1? A VYesr six 
18 Q And for the next eight 
ie years you were employed with Dutton, Williams Brothers, 
29 A Yes sir. | 
21 Q What kind of firm was | 
22 thal’ rolrs"Dau? | 
28 A They were both Sones | 
24 


ing engineers and contractors, and I had some exper- | 
i 
{ 


ience in both fields. 
Aa 
sy Q You became manager of 
a ‘ ; ‘ 

Operations of that firm in 1958? 
28 3 

A Yes Sir. 
23 
Q And were you involved 





30 ; , , ‘ 
30 in pipeline projects during that time? 
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A Yes" very many. 

Q Would you outline them, 
please? 

A We had numerous clients 


in western and Northern Canada, including Alberta Gas 
Trunkline, Trans-Canada Pipeline, Westcoast Transmis- 
sion, Inland Natural Gas, Pacific Petroleums, Gulf Oil 
Canada, Federated Pipelines, and so forth. These 
involved engineering and construction,up to a certain 
moment in time, in oil and gas pipeline systems. 

-@Q And that takes us till 
1962, when you were appointed, «I understand, vice- 
president of engineering of Williams Brothers Canada 
Limited. 

A Yes sir. 


Q And that was -- what 


Y 


was that, a successor to the former firm you were 
with? 

A Yes sir. 

Q and your, - think in 
your summary, stated that Williams Brothers in 1964 


ceased its construction activities -- 


A Yes. 

Q -- and what did you do 
then? 

A Specialized in consult- | 


ing, in consulting engineeri w, construction and 


project management services. 


Q To whom, to anybody, 


iD 
9 tS 


or were you specialized inone industry or one f1e] 
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Watson - IN Chief 


A Prmarily in the pipeline 
field, although there was some minor amount of work in 


other fields. 
Q And you were appointed 


president of this firm in 1971, is that correct? 

A Yes sir. 

Q And sir, what was your 
area of responsibility with reference to the evidence 


with which this panel is going to deal? 


A Well, as president, I 
am responsible for all aspects of the work of Northern 


Engineering, and specifically relating to facilities 





location, connecting pipeline facilities, construction 


plans and alternate corridors. 


Q And perhaps I.can move 


to you, Mr. Williams. How old are you, sir? 


WITNESS WILLIAMS: 52. 


Q And you're now director 


of field services for Northern Engineering Services. 
re Yes sir. | 


Q And you were formerly 
employed by Williams Brothers Canada Limited, which | 


was Mr. Dau's firm? 





A Yes sir. 

Q How long had you been 
with them? 

A Including my tixm with 


Northern Engineering, 18 years. 


Q And you graduated also 


in 1948 with a B.Sc. in civil engineering from the 
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Messrs.Dau,Williams ,Mollard 
Watson - In Chief 


University of Saskatchewan. 

A Yes sir. 

Q And you're a professional 
engineer and you belong to the Associations of Pro- 


fessional Engineers set out in the exhibit listing your 


{ 


dalvivcations. “Is that «correct. 


A Yes sir. 
(QUALIFICATIONS OF PANEL 1 MARKED EXHIBIT 72) 


(LIST OF DOCUMENTS REFERRED TO BY PANEL 1 MARKED 


EXHIBIT 73) 
MK. GENEBOT: Q5YOU were with 


the Canadian Pacific Railway from 1948 to 1957. What 


was your experience there? 


A This work was mainly 
with respect to construction and maintenance of tracks, 


buildings, bridges, fuel and water facilities, and I 


left the C.P.R. in 1957 as assistant division engineer 


in Calgary. 


Q And from there where 


did you go? | 
A To the firm of -- it 


was Dutton-Williams then,at that time. 





















ss . nswarlotedes® Yo ytbesevinl 
| the 26¥_ A; if -oootite Jitela 
Inaotaasterg 5 sx'voy bad Q ene Peas 
-o1T 25 es0itsisoreA eft of pnoled voy bas 1senipns 
fwoy paiteil +idinxe odd ai gvo jee eteonipnd: Lenoteas? 
| .joorre> tert et .enoitsotiifeup 
tie 20e¥ A / 
(ST TISINKG GSATAM £ JaKAS TO. SMOPTAOTAIAATQ) 
CHVSAM 1 ISWAT Ya OT GASASesA eTMEMUIO’ FO TeLT) 
| (ev YIaTHxs 

itiw oxaw JOY QO +sTedwao AM ' a | 
asdw .S2CL ot BREL mot? gawiist stttona smite ens: 
Serends somelssqxe oy, 26 
| viniem asw Arow, eft A. pie 
,eAceat to sonanotrism bas nolzosisenes oF du8geor dgiw 
Ll base \eebtifios? 1946v Sas-Ievt .espbiad ,apaibiivd 
~sarivas abiticaaa, tostetees as SeOl ai 4.4.9 oft titel 
-yispis2 af 
eigfiw siehy mort beA. > 


si --.20 mutt odd of A 
vomit 4603 36 cneds, ametOt 


F 


Dau, Williams 1639 


Petey Reeve tate ete: Mollard, Watson 
In Chief 
1 
MR. GENEST: 
2 || 
Q Is that when you 
3 
became associated to Mr. Dau? 
4 | 




















A That ers écor sect. 

Q And what kind of 
work did you do at Dutton Williams? 

A Very similar to what Mr. 
Dau has outlined. BOth in the early years in construc- 
tion and more laterly in engineering, consulting and 
project management to the petroleum industry and 
mainly in Western Canada. 

Q And in 1963 you became 
a project manager with the Williams Brothers? 

A Yes, sir. 

Q And what was your ex- 
perience then with pipelines following that appoint- 
ment? | 


A The largest project that | 


| 
| 


I worked on as project manager was the 570 miles of 


Products Pipeline from Empress, Alberta to Winnipeg, 





Manitoba and also in other oil and gas gahering 
systems in Alberta and feasibility of slurry pipeline | 
studies from Saskatchewan and Alberta to Vancouver. 


Q And you were assigned 
to northern engineering services in 1972? 

A Ves, *sit. 

Q And you have been con- 
cerned with this project since that time? 

A Yes, I have. 


Q nad your aréar ot 
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BURNABY 2, B.C. Mollard, Watson 
IN Chief 

| responsibility was what, sir? 

2' A I supervised the con- 

3 | struction of the Sans Saulttest facility and have worked 
a in the area of route location and terrain evaluation and 
| construction planning. 

6° Q Did you have any connection 
7 | with this project before the formation of Northern 

8 Engineering? 

3 A Yes, Sir. Almost from the 

10 inception of our work in 1969 I --for the first year 
11 ona A crstede basis and from 1970 on on a full-time 
ead basis. | 

13 Q So you have been 

14 engaged on this work on this project since 1970 on 

15 a full-time basis? 

16 A Yes, sir. 

17 | Q Mr. Watson, sir, if I 

18 could move to you. You are at the end of the table. 

19 MR. WATSON: 
2) Right. 
21 Q You are a professional 

<2 engineer? 

all A That is correct. 

24, Q You are with northern 

Py Engineering Services Company Limited? 

26 A Yess, el aam. . 
“ey Q And you graduated 

28 | in 1964 with a degree in mechanical engineering from 

<— the University of Saskatchewan? 

cM A YOu 
| 
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ace 4 al DAU, Williams 1641 
Mollard, Watson 
In Chief 
| Q And you belong to 
=i the usual professional associations? 
3] A ‘Right. 
| Q And from 1964 to 1967 
; you were with the Steel Company of Canada? 
6 A chat! 1s correct. 
7 Q And what kind of work 
ey were you doing there? 
. A Well, I worked ina 
ie number of departments with the Steel Company of Canada 
11 and these included the industrial engineering depart- 
12 ment, the engineering department itself and purchasing, 
13) Q and in 1967 you 
_ | joined Williams Brothers? 
oH A That is right’. 
16) Q and what have you been 
17, doing there -- what did you do there? 
18 A tem first. project Chat 
19 | I worked on was the engineering inspection and 
ae | supervision of a couple of natural gas dehydration 
oe plants that are located in northern British Columbia. 
ee I was involved in design and engineering and con- 
23 : inspection : 
struction/of a crudedl gathering system. i was | 
a also involved in numerous feasibility studies and | 
a cost estimates for crude oil and natural gas speanes| 
a and gatherin g systems and Iassisted in the Sree 
ae and the layout and construction supervision of the | 
at Gano’ SGhultRapids test’ facility.” This was forthe’ North= 
i west project study group. 
iene! QO Which was a predecessor 
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JIn=Ghief ~" 

1] to the Canadian Arctic Gas study? 

2 | A Ehatois correct: 

3 | QO And what was your area 

: of responsibility? 

?] A With Northern Engineering 
S Yes. 

7 A The prime area of respon- 
oi sibility was with the alignment sheets, I co-ordinated 
? the gathering of the data that went on to the sheets 

EO from the various departments within Northern Engineering 
a and third party consultants and I ensured that this 

be was placed on the sheets. I was also involved in de- 
EP tailed route selection that applies on the alignmen t 

ue sheets. 

HS Q Now, Dr. Mollard, if 
ue I may turn to you, sir, you are the President 

uM of J.D. Mollard and Associates Limited. 

18 WITNESS MOLLARD: 
id A Yes, sir. 
EP Q And what is that 
ie firm, Dr. Mollard? 
ee A We are a firm that | 
‘ol specializes in the interpretation of aerial photographs 
on and ground water studies. THose are our two main 
at | areas of specialization and in air photo interpre- | 
ih tation our main primary fields are route and site 
ce selection. We have done about 250 of those projects, | 
ms examine gravel and various kinds of bore hole searches 
wil -- we have done about 500 of those kind of searches, 

| so those are the main areas: sites and routes, bore 
by 
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Mollard, Watson 
in Chief 


hole and ground water. 


Q And as to your educational 


background, sir, you obtained a B.Sc. in Civil Engin- 
eering in 1945, a Master of Science -- tnat was from 
the University of Saskatchewan, the first one and then 
you went to Purdue and you got a Master of Science 
in the same subject and you obtained a Doctorate in 
civil Engineering from Cornell in 1952, is that 
correct? 

A Well, yes, really -- 
in both my Masters and my Doctors I took about half of 
my classes in civil engineering and about half in 
geology and related subjects. So it is really -- I 
graduated in Civil engineering, but half my course 


work was in geology. 


Q And you belong to the pro. 


fessional associations which are quite numerous which 
are listed in the exhibit? ) 

A Yes, I do. 

Q and as far as your 
professional experience is concerned, sir, you started 
in»1945,, did you? 

A That’ is* rights 

Q As a construction 


engineer for the Saskatchewan Department of Highways? 


A Yes. 
Q You were employed 
for awhile as an air surveys engineer -- that is in- 


between your acquisition of degrees. You were an 


instructor at Cornell in the School of Engineering, is 
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Mollard, Watson | 
In Chief | 
that correct? 
A thaws sipaght ; | 
Q Tnar952. Fenoterthatrit 
Says that you were research engineer at the School 


of Civil Engineering at Cornell. What dos that 





mean? 

A Well, we were doing a 
study of the -- of beaches and the ability of beach 
materials to support various kinds of land and 
water equipment moving across the beach and we had 
about eight or ten beaches that we studied from 
aerial photographs and on the ground, | So, that was | 
about a year long job with research and individual 


project there. i 





Q Was this in connection | 

with the Korean War, Dr. Mollard? 
| A Well, I did work on the 

Korean War where we were ce aaee eure aerail photo- 
graphs and identifying vegetation and relief and 
various aspects of terrain as it affected movement 
of vehicles and build up of -- 

I might say that in 1946 -- 
that was one that you skipped there, that was the 
first association with permafrost -- I had actually 
at Purdue University in 1945,as a student there, mapping 
permafrost in Alaska, which is possibly relevant to 
this. 

Q Right. 

And than in 1953 you became 


a chief of the airphoto analysis and engineering 
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sla nlc Mollard, Watson 
In Chief 
yt 
geology division of an initial that I forget what 
' it’ stands’ for’ -- B.FCR.A. What was ‘that? 
: A That is Prairie Farm 
: Rehabilitation Administration. They were concerned 
with water and so on. 
4 QO You had better take 
i that slowly for the reporters, what was it? 
i A Prairie Farm Rehabilita-- 
‘ Q Prairie trarm=— ol 
10 
a am@rsorry /?"F fehotght "it Ywasva "seientific*termr== 
se A Prairie Farm Rehabili- 
| tation Administration and that is really a branch 
ie of the Canada Department of Agriculture and we were 
i concerned with irrigation and dam sites in WEstern 
e Canada, the prairies, really. 
ee Q And you were the techni- | 
7 cal advisor from 1954 to 55 to the Governments of 
= Ceylon and West Pakistan on the same kind of work, 
as that? correct? 
20 
aN A Well, actually I was 
a advisor on setting up a broad resource survey in 
mn WEst Pakistan and then a year or two later in Ceylon 
ve there were several components, one in geology, one 
. in agriculture and one in forestry. 
a Q And since 1956 you have 
- been a consultant. 
- A Thiat, Us aight. 
2 Q And heading your own 
a firm. Do you lecture, sir, at any educational insti- 
tutions? 
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Mollard, Watson 
In Chief | 


A Yes, I usually 
lecture at least once a year and sometimes twice a 
year for about a week and next week I am going down ot 
to the University of Alberta and I have 60 people 
coming there for a lecture -- so that is a fairly 
standard, yearly thing. 

Q And have you had exper- | 
ience in connection with the specialty which you 


have with pipeline routes and the assessment of 





pipeline routes, the assessment of soils or terrain 
conditions to assist in the planning of pipeline routesP 
A Well ==) 51 ame™==""goins | 
to fait down a crack here -- 
Q That is a polygon ice 
wedge -- 
A Phat is an ice wedge, | 


polygon -- | 





Yes, I cannot say exactly 
how many pipeline projects that I have worked on 
from memory, I mentioned that we have done roughly 
200 reute surveys and many of those have been pipeline 
studies over a period of 17 years and some of them 
in the north in permafrost areas. 

Q Do you know of any 
firm in Canada that has done more than yours? In 
that specialty? 

A Well, I am not aware of 


it =~ 





Q And. then we have listed 


aS an appendix -- I am not gong to try -- you have. Leer. 
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Mollard, Watson 
In, chief 
the -- certainly what I would call the prolific writer? 


-- you have as appendix B of your qualifications some 
9 pages of publications that you -- you have written 
extensively in your field, have you, sir, may I 
sum it up that way. 

A Those are my published 
papers, I guess. 

Q Well, may I turn then 


to Mr. Dau and ask you if you would, Mr. Dau, 





describe to the Commissioner the involvement of the 
various members of your panel with this project 


and take it in two stages, let us start prior to 





the formation of Northern Engineering Services. 
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WITNESS DAU: Williams 
¢ Brothers Canada Limited were retained in 1967, by some | 
P of the present member companies in the Arctic Gas 
: Study Group,to investigate the feasibility of a natural 
| gas pipeline from the potential producing areas of | 
Z Northwest Canada to the market areas in the creat Lakeg 
y area of Canada and the United States. At that time, the 
i prime potential producing area was considered to be the | 
: south-eastern portion of the Yukon Territories and | 
a the south-western portion of the Northwest Territories | 
ta tn the Fort Liard area. 
oe Q rf © could anterrupt 
ae you there, Mr. Dau, there was no -- at that time the 
a delta gas potential had not been thought of, or at 
oe least explored, or what waz its status? | 
ws A It was not considered to. 
ne have enough potential at that time to warrant studies 
ay for that additional distance. 
= Q Would you proceed, 
20 
please? 
21 
A In 1969 discussions were 
y held with producing companies,with potential production 
‘id in Northwest Canada and Alaska,with the result that ! 
a the original assiqnment was expanded to include the 
a potential producing areas of the Mackenzie Delta and 
pia i 
a | Prudhoe Bay in Alaska. By this time, of course, there 
ai had been discoveries in Prudhoe Bay. | 
is This assignment resulted in 
st numerous investigations and studies of alternate 
a routes and system configurations, environmental and 








j - ‘ i 2 ss. ai 


: py a q & 






ind “Ur Ta : 






























- 
- : v 

f amaiiriw 20a pesverzWw ‘ hia) 
r amae yd Teel me bonistax axew Hatimid sbensd exe 
‘ped ocitoaA SHY nu eeinsamon tedatem jnsestq stig to 


geause 8 5 to Ytilidtess?t ond stepiseevat of haga : 


to essts paiouboug Imisgasseg sit moxt entteqiq 25ep 4 


eoNad teoxS3 odd mi esens tedttaem ond of sbepsD jeowdtx0% 


Sf3 jemts jerlit tA ,pegete bedinall edt bes shamed Io Bets” 


' gift sd ot bavebtedom esw seus patouhorq Isiteedog enim 


‘4 a 
bis eeitoiiare? noduY eft Jo nobiiog missase-isv0s 
| 
‘getvotixnze? faowdetot sfj Yo noliiog ntetaew-tgpon eff 


-20%s bisid dxot ee nt” 


e Ove 


tai ttetne bivoo T tf Q 
4d omit tert ts -- on eew-sted? «gad Jam ysxens yoy 
+s 40 (20 trhpvods mesd Jon bart Isivastog esp stieb 
Sentete eti saw tadw ro bexolgxe tesel 

ot Beisblénoo Jon Bsw.3T A 
asibuste Jinsutsw ot omit deprit 26 Veidoadie fipyons sver 
-sonetath Esnolsibbs asd? 10% 


,besvota poy bivgow i) 
sw etoleauvoerB C305 atl ~ A 


ie 
. sat? siuess edd dtiw ,etes lA bas sbsn6)5 . Jaowdti0n #. 
; ert sbuioni ot beobasgxes enw taasp lees SRR TS ons 


bos adied otsasiosM eid to s5s%5 entouboxg heapercnt 


isvort ,getties to ,emid eida va -shaih mh Abe: q 


¢ palin 


yee sorlbuxt ak mer: ad bed 
| | 


; ni botivesx tuemapices etay 
eisniesis to eeibute bas ancitsyt: 


1649 


ALE WES ie RE rOR TING 1-1 D.. 


BE a1) Bees : Messrs.Dau,Williams,Mollard, 








=) 
NO 














—_—_— 


Watson - IN Chief 


technical research, construction and operation of 
northern test facilities, and investigations into the 
technical and economic feasibility of the systems. All| 
of the members of this panel were involved in that work. 

Q And then, sir, we discus-~ 
sed it a little bit when I went over your qualifications, 
but perhaps you could tell us a little more about the 
-- what Northern Engineering Services is, how it was 
formed, how it operates? 

A Yes sir. Northern 
Engineering Services Company Limited is a company | 
incorporated under the laws of the Province of Alberta| 


and is registered extra-provirncially in the Yukon and 


| 





Northwest Territories, and in the Provinces of Braitish' 
Columbia, Saskatchewan and Manitoba. Northern Engin-| 


| 


eering Services Company Limited was formed by Williams) 


Brothers Canada Limited and Pemcan Services. Pemcan 


Services is a joint venture consisting of Techman Ltd., 
Shawinigan Engineering Co. Ltd., -- 
Q Techman., 2 7 C-h-M-A-NZ 
A Yes cet 
Engineering Company Limited, and R.M. Hardy & Associa- 
tes Ltd. 
Williams Brothers Canada is 
a consulting company specializing in the design, 
engineering and construction management of pipeline 
systems. Techman Ltd. is the technical arm of the 
Loram Group, L-O-R-A-M Group of companies in Calgary. 
Q What are they? 


A The Loram Group of 
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1 companies include construction, engineering, mining, 

2 | and many others. 

3 Q And Shawinigan eet oseats 

4 | A Yes sir, Shawinigan En- 

5 | gineering Co. Ltd. and Montreal Engineering Company 

6 Limited are large Canadian companies specializing in 

7 the petrochemical and electrical power fields. R.M. 

cm Hardy & Associates is a consulting geotechnical and 

| Materials engineering group. 

10 Q I take it that you drew | 
4 on the staff of all of these organizations to form | 
12 } the staff of Northern Engineering? 
13 | A That is correct. 

14) Q You, for instance, have 
is | been seconded from Williams Brothers along with Mr. 

16 Williams? 

17 | A Yes, we have seconded 

18 people and of course Northern as a company itself 
19 | has their own employees which were hired specifically 
20 by Northern. 
we. Q And what was the assign-| 
oi ment given to Northern Engineering? | 
23 A Our assignment is to | 
sl provide the engineering, environmental and other 
25, related technical services necessary to determine the 
26 | feasibility of an appropriate and efficient method 
27 of constructing a pipeline system to transport natural 
28 gas from Northern Alaska and Northwest Canada to points 
29 as far south as the border between Canada and the 

30 lower 48 states of the United States of America, 
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: and to prepare and cause to be prepared applications 
2 ee | 
for necessary governmental authorities to construct and 
3 : : : : ; | 
operate ‘the pipeline described in the application, to 
4 ‘ : : 
| prepare and furnish for financing purposes, all necessary 
: and allied information, to furnish plans, recommendat- | 
$i ions and reports as may be required, to prepare and 
q present, through qualified experts,testimony at regula- | 
S tory proceedings and to perform other engineering and 
: related services as requested by Canadian Arctic Gas | 
\ 
20 Study Limited. 
Jyh ; ; | 
Q That signs like language | 
\ 
2} taken from a contract. 
| A It was written by a 
14 2 
lawyer, sir. 
5 ; | 
Q What did you really do? | 
16 | | | 
A We have performed all 
Is? : | 
of the engineering and research functions for Arctic | 
18 
Gas, and all of those -- all of the researen and all 
bal’) , 
of the engineering has not been done by Northern it- 
20 : 
self. In many instances Northern did not have the 
2 : | 
particular expertise that was required and we have 
22 ee 
retained third party consultants for those specialized 
23 
fields , such as metallurgy, for instance. Others 
24 : 
in the geological area, and certainly a lot in the 
25 
environmental area, we retained many environmental 
26 
consultants. 
27 
Q But you held the strings, 
28 
subject to Arctic Gas's -- 
29 
A Yes sir. 
30 
a @) -= contract with you. 
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a A Yes sir. 

2 Q And I think I asked you, | 
3 you have a staff of approximately how many? 

4 A A total staff at the 

3 present moment of about 150. 

6 | Q That's a hundred, you 
7 said, were professionals. 

4 A Professional staff, 

9 technicians and draughtsmen. There are, I believe, 
10 about -- I think the number is Bere tieeeys 80 

Jo professional staff at the present moment. 

12 | Q And you work, sir, 

13 | exclusively for Arctic Gas? 

14 A Yes sir: 
15 THE COMMISSIONER: By 
16 | "professional", sir you mean professional engineers, 
17 1 take it? 

18 A Professional engineers, 
19 biologists, and so on. They have a degree in a 
20 particular faeld, 
21 MR. GENEST: Thank you for 
ee clearing that up, sir. 

23 I am moving to another 
24 subject, sir. I don't know whether it's your usual 
cee time to take a break or not. I'm in your hands, but 
26 this would be convenient if you're so moved; or I 
27 Can goron, i'm in-your hands. 
ay THE COMMISSIONER: Well, what 
29 


do you say, Mr. Scott? I havethe feeling we just got 


30 Started, but I see it*s 10:30, so -- 
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| 
MRs SCOTT: "it 'swa matter of | 
indifference to me, Mr. Chairman. 
THE COMMISSIONER: Let's 
take a break now, Mr. Genest. 10 minutes? 15 minutes? 


{ 


(PROCEEDINGS ADJOURNED FOR 15 MINUTES) 
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In Chief 
| (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 
| MR. SCOTT: Mr. Commissioner, 
| can I suggest that as a matter of convenience that 
x counsel should be permitted to sit when they ask 
‘| questions or make rejoinders? 
; THE COMMISSIONER: Yes, 
# counsel may sit or stand at their convenience, what- 
S| ver suits them and it is entirely acceptable to me 
a whichever they chose. 
: MR. GENEST : Thank you very 
10 
much, sir. 
sg 
| Mr. Commissioner, before 
% I go on to the next subject with this panel which 
iy is a description of the location of the pipeline, 
* perhaps it might be useful if eveyone had with them 
a volume -- the volume entitled "Location Design and 
! 
| Capacity of Facilities in Connection Pipeline 
4 Facilites" and we will be referring, sir, in the 
% course of this evidence to the alignment sheet 
> which is headed, "Alignment Sheets North of 60% 
a Which exhibit is that? -- Exhibit 62,and we will 
* also be referring 2 little later on to the Fort 
x Simpson amendment volume which 1fSsebxnieit 67 = 
aa No, no, -- that is the book on Fort Simpson -- 66, 
as Exhibit 66. It might be useful if I indicated 
as that so that the volumes are handy. 
43 Q Mr. Dau, I wonder 
2 Sir, 1f you) could -- we have had this before, 
29) but it might be useful to have it again ==-1£ you 
z could describe the location of the prime route and 
pany a the ancilliary facilities which Arctic Gas proposes 
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MR. GENEST: Of course, I 


In Chief 
: to construct and perhaps we could have the assistance | 
of one of the members of your panel to indicate it on : 
3] the map that is on the wall. 
4] WITNESS DAU: 
> | A The location of the | 
g ; facilities proposed by Arctic Gas are described in Bens deeas 
"| ble detail in Section 8 (a) of the application -- 
BY I am not sure of the Exhibit number as originally | 
3 filed, which includes the two volumes of alignment | 
20 sheets, north and south of the 60th parallel. A | 
it revision was made to the original filing in- | 
+g corporating the route change near Fort Simpson. 
+3 | That document has an alignment sheet which is Drawing 
uf | No. 4-0234-1004. | 
_ Q Is that in the short | 
+6 | little volume here? 
17 | 
A Veer. Sir ang 1 t 1S) == 
+8 Q And under what tab is | 
22 Loe 
¢9 A Behind the tab, "Lo- 
at cation of Facilities". It is about the fifth or 
22 sixth page behind that tab and it is the oniy map. 
24 MR. BAYLY: Mr. Commissioner, 
a if I could interrupt at this point. We have done a | 
€? quick canvassing and none of us have received that | 
28 volume, although we have received the maps that. 1 ete 
a go with it from Arctic Gas and I am just wondering if | 
28 we are going to receive that. 
29 


er am surprised that you have not. 
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MR. SCOTT: The difficulty, | 
Mr. Commissioner, is that I gather that the revision | 
was filed with the Minister. The Minister mailed | 
it out apparently without consulting with -his | 
colleague, the operational head of the post office | 
and as a result: of that failure of communication 
it has not arrived in anybody's hands. | 

MR. GENEST: Well, Mr. Carter, 
is going to -- I think thatwe have some copies up- | 
stairs and I will see that they are qishuibuted chats | 
morning-- I appologize. | 

THE COMMISSIONER: Well, I 


take it then that I do not have it either. 





MR. GENEST: Yes -- that 
is Exhibit 66. -- 67., and at least I have one 
copy for you. 

Me. ESCOTT: peMptGenest,” So 
that we will not all be in the dark, I take it that 
you have some other copies upstairs, have you? 

MR. GENEST: Yes, we have 


some other copies upstairs. And why don't I pass this 





copy down the table. I will use Mr. Dau's copy. 
Q Anyway, Mr. Dau, 
that is the same as the alignment sheet in the origina] 


volume -- 





MR. DAU: | 


A Yes, sir, except that 


it shows the Fort Simpson change. That is correct. | 


MR. GENEST: Well, why | 


don't we all use -- until we get enough copies -- the 
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original one, and then we will talk about the Fort 
Simpson change a little later. 

TE «you "will all turn «to 
Exhibit 54 which is Section 8 and 9 -- I am sorry, I 
am bogging you all down, Mr. Commissioner. There 
is map, a long pull out map under the tab "System 
map" and that shows the same information, except that 
it shows the route before we made the Fort Simpson 
amendment. So perhaps that will resolve the problem 
while Mr. Carter is digging up the copies. 

Let's start again. 

MR. DAU: 

A I will ask Mr. Williams 
to mark off the description on the map on the 
wall as I go through the location. 

The Richards Island supply 


line orginates at a location on the northside of 





\ 
| 


| 


Richards Island in the Mackenzie Delta. The direction 


follows a route in a southeasterly direction to a 
locatron called Travaillant Lake Junction near Tra- 
vaillant Lake. A lateral ‘tine some 15 miles in 
length connects the producing area near Parsons Lake 
to the Richards Island supply line. 

The supply line from Prud- 


hoe Bay enters Canada on the Alaska/Yukon Border 


some 5miles south of the Beaufort Sea coast and follows 


a route in a southeasterly direction parallel to the 


coast and the Mackenzie Delta to an area near Fort 


McPherson and then proceeds easterly to the Travaillant 








Lake Junction. From this junction the route lies east 





: sxoT ont seeds Aint fiw ow. oii ae’ 
tedel stiaktia oo 
ot . ar un 
I .yxtoe me D -- @ bas 8 pot sse2 ak fide 02 abdidxa 
-tenoiee inns .3aM ,nwob. hte. voy patppod ms 


mt (fs iliw uoy MM 


soit 


a 


gateye" det add zabay get tuo [fuq paol 6 gsm ak 
‘tedd tqeoxs .noftsemi0lm omee ott awods ted? Bes “qem 


nosamie sxe! sit sbsm sw sxoited esvor ert eworla tk 
meaidoxe ait svioass [fiw tad? eqedxeq 08 | .dnembnems 
| .estace eft ge patppib ab sedzsD.,1M slide 
-iieps txste, 2" f5J itr 

204d .HM 
emi iliiw .aM den fiiw ft A 
adit do gam sit ao noitginzesb shy Bio Arsm fe 
,aoissoul sit dpyords op t 26 ike 
yviqque bnsfel ebusdoin sar. 4 
4c shiedtion od¢ go mokts00l 5 3s assamkpxo sail 
Hotgcaxth off \s2ied sisnsaoeM eds mt puele® ebusisia 
6 o+ dobtosisbh yizesesetituos 6 At ossoz 5 -2wolLo® 


-e1T t6°-n nottonul otal Jantlisvext. befiso anotzasol 


senit yiqqve baslal eabxerois odd os 

-buzd moxt sabi ‘yiqure iT 
Yebiod motuwY\sdasiA edt ac sbheasd siete | 
awolfo? bas jason s6@ ttolised edt to divoe eof md 


oe > 


Yaz 


| 
| 
| sAisl amoeted ussa:aets patowBorg edd etosnanco ious 
| 
| 
P 


- avid ot —— soils ncacimaatia ote nei’ 


mi pelim @f emoa oni! lavezsi A «sled tosliisv 






























ALLWEST REPORTING L-TD. 1658 

















BURNABY 2, B.C. Dau, Williams . 
Mollard, Watson 
In Chief 
; and generally parallel to the- Mackenzie River to Fort 
4 Simpson. And in this case of course there is 
3] the revision at Fort Simpson. From Fort Simpson the 
system follows a route directly to Zama Lake in 
> Alberta and then generally parallels the facilities 
o| of Alberta Gas Trunk Line, passing west of the 
7 town of Peace River and east of Edson to a location near 
2 Rocky Mountain House called Caroline Junction. 
9 MR. GENEST: Excuse me, Mr. 
10 Dau, can we see that,if we turn to the map -- in 
i volume, in exhibit 54, that is volume -- or that is 
we Section 8, there is a map of North America there. 
oy Can we see that sort of illustrated on that map? 
Le A It is illustrated on 
~ that. map, buteat isealso shown on this pullout map. 
ub Q That shows south of 
Ly 60 does it not? 
i. A Yes. 
Cd Q Of course, sorry. 
22 Proceed. 
oe A From Caroline Junction 
oe one delivery lateral generally parallds the Bagiitt tes 
ep of Alberta Gas Trunk Line and Alberta Natural Gas 
re Company to Kingsgate on the B.C./Idaho Border. 
re Another delivery lateral originates at Caroline 
ary Junctionagain paralleling the facilities of Alberta 
er Gas Trunkline to Empress on the Alberta/Saskatchewan 
e BOrder and then proceeds directly to a point near 
aa Monchy, Saskatchewan, on the Saskatchewan montana 
eR Border. 
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In Chef 
i . 
| Q T notice that the 
2 |! 
| reporters have not got that -- that is -- 
3 
| A Monchy. M.O.N.C.H.Y. 
4 
| Q Right. 
5 | 
| A The map also, and I 
6} 
' am referring to this map, shows the location of 
71 
49 compressor station sites, and indicates the 
8 
operating year in which the stations will be required, 
9 
as well as indicating the future stations that may be 
10 
required under the gas throughput levels used for 
11 
filing. ‘The locations —= 
12 
MR. GENEST: Can? i just -in= 
13 
terrupt you there, Mr. Dau. I am just trying to 
14 
find out the key to the legend and you have compressor 
15 | 
| stations -- for instance, I am looking near Fort Norman, 
16 | 
M-09 (400) then 2 -- What does that tell us? 
17 
A M-09 is the number of 
18 ; 
the station. 
19 | 
Q Rvgic, 
20 
| A The 400 in the brackets 
et 
is the mile post of the station. The 2 is the year 
we | 
in which it is required -- that is operating year -- 
23 
Q Measured from what start 
24 
| point? 
25 
| A Operating year one. 
26 
Q Operating year one. 
at 
That is after you have built it, tested it and you 
28 
have started to put gas through it? 
ves) 
. A Yes, sir, and the 
30 
7 ‘black dots indicate that that particular station has 
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In Chief 

1 the chemical refrigeration to chill the gas and 

2 | on this you go farther down the system and There 

| are circles and also some locations which are the 

4 circles with half filled with black. The 

>| legend on the right hand side of the sheet describes 

6 what they are -- 

7] MR. GENEST: Mr. Anthony -- 

8 | was there any trouble, Mr. Anthony? 

9 MR. ANTHONY: No, I was 

10 just trying to get -- apparently there is confusion 
11 about the exhibit numbers. I just wanted to make 
12 sure that we have the right, proper exhibit numbers. 
13 MR. GENEST: 
14 Q Then you have 

15 some here showing the letters F.U.T. -- Foot -- 
16 MR. DAU: 

17 A Those are future stations. 
18 They apply to the supply laterals and those are 
19 stations that would be required beyond the gas | 
20 throughput levels in the filing. | 
21 Q Sorry, could you explain 
22 that a little more. | 
23 A Yes, if we go to the | 
24 Prudhoe Bay lateral, the first station inside 
a Canada is C.A. -05 at milepost 224. It iS yequired | 
= in operating year 2 and it has mechanical refrig- | 
27 eration. It also happens to have a measuring | 
? station required in the year 2. | 
ey We go to the next station | 
ou Ponca -06) mi lepost.270. It is required in 
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the future whenthe volume flowing through that 


Wateral 1s in excess Of 2°1/74 biiiion feet a day. 
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1 A Continuing on, the loca- 
2 tions of 8measuring stations are also shown, one 

3 | near the Alaska-Yukon border, one at Richards Island, 

a one at Parsons Lake. Those are the locations where 

Z natural gas enters the system, one near station M-27 

6 | on the Alberta-B.C. border, and at the Alberta- 

7 | Saskatchewan border for delivery to other pipeline 

8 facilities. | 
9 Q What is the purpose of 

10 measuring stations? | 
Bs A To measure the quantity | 
12 of gas that either enters or leaves the system. 

13 Q What do you need them 

14 EO? 

15 A It's a-control of gas 

RG | in the system. Q: rt permits you to send a bill out. 

17 las YesS,there are also measuring stations at Kingsgate and | 
18 Monchy where gas leaves the system. 
19 Operating and maintenance of | 
20 division headquarters are shown Jocated at Inuvik | 
21 and at Calgary, and district headquarters are shown 

ee located at Norman Wells, Fort Simpson and Peace River. | 
23 This particular map also shows 
24 the location of 45 stockpile sites. : 
25 | Q Where do those - - | 
26 they are black triangles, are they? : 
27 A Yes sir. 

28 Q And the white triangles | 
aD are stockpile sites of wharves? | 
a0 A Yes: | 
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1 Q These are stockpiles for | 
2| what? 

3 A Stockpiling pipe, Shasaralion 
4 | Material and so on, required during construction. 

5 Q Now that is the prime 

6 route we have described. 

7 A Yesusir, 

8 fe) And you have also filed | 
9 some details in connection with what we call the | 
10 | interior route, which I note is not shown on the map | 
11 on the wall. | 
12 | A I'm sure | 
13) Mr. Williams can follow it through. 
14 | MR. GENEST: Q Would you 
15 describe -- perhaps, sir, we could arrange to mark 
16 | that one, too, if none of my friends object. I could 
17 have one of my people take a black line ang get a 
18 ladder and sometime mark the interior route as I'm 
19 sure we'll be discussing it.at some length. 
20 Would you desrribe that, Mr. 
21 Dau? 
22 AU res, tne interior route 
23 was selected to pass south of the Arctic National Wild+ 
24 life Range in Alaska. Ty this case the Prudhoe Bay | 
a supply lateral enters C anada on the Alaska/Yukon 
26 border some 20 miles northwest of the Village of Old | 
27 Crow. The route proceeds easterly, passing south of | 
28 | the lake area known as Old Crow Flats, and north of | 
a the Porcupine River. The route crosses the Richard- | 
2 son Mountains near the headwaters of the Rat River in 





the Yukon, and the Barrier River in the Northwest 
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Watson - IN Chief 


Territories. It continues eastward down Stony Creek 
Valley and joins the prime coastal route near the Peel | 
River crossing about five miles north of Fort McPherson. 

Q And then it follows it 
along to the junction point? 

A Yes, thats right. It's 
right on the lake. This particular route involves 
very difficult construction in the Brooks Mountains in : 
Alaska and the Richardson Mountains in Canada, and will 
cost several hundred millions dollars more than the | 
prime coastal route. 

Q And I take it you had 
reference to the Arctic National Wildlife Range in | 
Alaska, and that is along that part of the coastal 


route which is within the borders of Alaska. 


A Yes. 

Q And that has caused some 
environmental concern. 

A Yes sir. 

Q The route, the interior 


route you described, I understand, is designed to 
avoid that range. 
A That’s correct. | 


Q Then, sir, may I ask 





THE COMMISSIONER: Excuse me, 
Mr. Genest, 


before you do that, will we be told at any stage how 
much greater the cost ‘that the interior route would 


likely be than the cost of the prime route? 


MR. sGENEST?: “I ‘think Mr. Day 
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Watson - IN Chief 


can give you that. 

Q Do we have that detailed. 
cost information? | 

A I don't have the details 
here, sir, but it's in excess of §500smil1laony, ee.) 
remember correctly, some $550 million. 

THE COMMISSIONER: That's the 
difference? 

A That's the difference. 

MR. GENEST + But elicoum 
certainly provide you with more detailed information, | 
Sir, if that becomes a matter of -- | 

THE COMMISSIONER:Well, eee 


off,it's half a billion, that sounds like it will do 


for now. ray. 
A I believe those compari- 
MR. GENEST: 
sons are -- when we deal with the alternative corri- 
dors I believe we can deal with -- in more detail 


with that, sir. | 
THE COMMISSIONER: I simply 
wanted to have that in mind. 
MR. .GENEST: Q-Then, ».Mr. 
Dau, I'm going to ask you to describe the process of 


the way you go about selecting this route. 





A The factors considered 
in the selection of the route are set forth in 
Section, 8 (a),.(i)..as revised, 8)a(i) to (viii). 

Q Thates athetfirst tab? 

A Yes sir. 
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1 "8(a);, Facilities Location," | 
2 and there's a pink tab called, | 
3 (i) Description." | 
4 A Yes. 
5 Q And that's where that's | 
6 | discussed. | 
7 A Right. In general, the 
8. proposed route was determined after detailed study of 
9 Maps and photomosaics, aerial and ground receanalsdance) 
10 and terrain and soil study. The final route selection, 
ii shown on the aignment sheets involved consideration of) 
12 the technical and economic feasibility of the various 
ag alternatives, together with environmental and socio- | 
14 logical considerations. | 
15 The criteria which was : 
16 established for route location,was as follows: | 
17 With all factors being equal, the most economical 
18 pipeline route is the shortest distance between the | 
19 source of supply and the point of delivery. From this 
20 base, adjustments were made to take into account ‘the 
21 following: 
22 -(1) The proximity of the pipeline to other known and 
23 probable future sources of supply; 
24 | (2) Terrain barriers, including mountain ranges, 
23 lakes and rivers; 
26 | (3) Other topographic features, surface vegetatiion 
27 and land use; | 
28 (4) Soil characteristics and slope stability; | 
29 (5) “Aecess for construction and future maintenance | 
30 and operation; | 
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Consideration for wildlife incuding mammals, 
fish and birds; 


Proximity of large urban centres; and in this 


OO 


Messrs.Dau,Williams,Mollard, 


——- 


Watson - In Chief 


particular route there is no concern, of course, 
with large centres; | 
In permafrost terrain (which is the main factor | 
that makes this project different from other 


major pipeline projects) the avoidance of: 


Side hilllocations in high ice content fine+ 
grained soils; 
Degredation of thermokarst areas; 


Unstable banks at river and stream crossings} 
And avoidance of areas of potential pipe- | 


line buoyancy. 


Q Now pipeline buoyancy 


is when you have ground that makes it float, float up | 


to the surface? 


is buoyant in water, for instance, and it would float. 


It's necessary to put on weights to keep it submerged. 


avoid those areas if you can. 


to-do-sct 


through this step by step, Mr. Dau. How do you go 


about selecting a route? 


commenced in early 1969 when the sponsors of the 


A Yes sir, the pipeline 


Q You want to try and 
A Yes, where its feasible 


In*many ‘akbeasvites not fteasibleery. sri 4 


Q Well then, let's go 


A The initial map studies 





project at that time decided to expand the study of 
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Bi line from Fort Liard area of the Northwest Territories | 
2 to consider deliveries from the Mackenzie Delta and | 
3 Prudhoe Bay potential gas supply areas. | 
4 Alternative routes were con- : 
5 Sidered from thse points to the Trans-Canada Pipeline : 
6 System near Brandon, Manitoba, and the Canadian-U.S. | 
7 || border crossing location near Emerson. 
8. Q When you talk of map 
9 Studies, what do you do, do you just take out 
10 detailed maps of the general area and look over the 
BiB terrain? | 
12 A We get the best available 
R3 maps and based on the information on the maps, attempt | 
14 to locate the shortest route between the two points | 
15 under consideration,considering the barriers that 
16 are obvious on the maps. In many cases these maps wetene 
Wy in some instances these maps were ata scale of | 
18 8 miles to an inch at that time. 
ag Q Then what do you do? 
20 A Once the map study was 
21 complete, the major alternative routes were flown by 
22 engineers experienced in pipeline location, using both 
23 helicopters and fixed wing aircraft. These REA |. 
24 Melee ea some of the alternatives and others were re- 
25 tained for further study. 
26 | Q Will you stop there? 
27 You first look at a map and you see from the map that 
28 there is a great mountain range here and you don't | 
29 Want to go there, SO you pick out a general route that | 





30 way. Do I understand that correctly? 
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Watson - InChief 
A Yes, that map, for 
instance, may have 500 foot contra-intervals. 

Q Yes. 


A And on a 500-foot Gontra- 





interval in a map study you may conclude that it's a | 
feasible route, but once you go look at the terrain | 
you will find that the terrain is very undulating, very 
difficult, and that particular section would probably 
be deleted. ! 
Q So your next step then 
is to look over,on the ground or from the air, fly 
Over the route you've selected just from the map. 
as yeas with at that time |, 
considering construction difficulties atcess and so 
Fort. 
Q Where does that get you? 
A That narrows down your | 


alternatives so that you're then in a position to 


look at more definitive areas in much greater detail. 
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corridors may be very wide in that sense. 


Mollaxd , Watson 

In Chief 

Q And is that the next 
step? 

A That is the next step, 
sir. 

Q And could you describe 
the next step, what you do then. 

A We obtain two copies of 
the existing Canadian and U. s.c¢ Government aerial 
photography to cover the area utider consideration. 
Dr. Mollard also obtained erait scale photo mosaics 
at a scale of about 10 miles to 1 inch over the 


coastal and Interior Route areas and over the 


kKockenzie VAlley. 
Q Let me stop you 
there again, Mr. Dau, excuse me. You have -- the 
first two steps, the general map study and the 
flying over, does that narrow you down to a certain 
area of ground? Or sort of corridor or a géneral 
toute? | 
A It would narrow you 
down to probably alternative corridors and -- carefully+- 


| 


Q Well, how wide? 


A They. could be 40 or | 
50 miles wide in that sense, before you literally go ece 
fly it but once you have flown the route, they 
aremuch narrower of course. | 


Q Well, after you have aaa 


the route, to what area have you boiled it down, 





generally? } : 
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Pea oe Mollard, Watson | 
In Chef 

1 A In a general sense 
¢| probably within 10 or 15 miles. | 
3 Q And so you have got a | 
4 CPOrrsaor If we can Call, fc that. of about 10 or 15 | 
=) miles wide, maybe wider in some areas, smaller 
4 in others. | 
7 A Yes | 
a Q But that is the general | 
9 perameter, if I can use that scientific word. 

10 A Yes; Sir. LFmighe 

11 add that these small scale photo mosaics that Dr. 

12 Mollard obtained at this scale of 10 miles to the 

13 inch are -- cover an area which is really an overview 

14 of 100 to 150 miles in width. In other words it | 
ao covers the whole valley, the whole coastal plain. | 

16 We then had several meetings with Dr. Mollard to ! 
ad obtain the benefit of his knowledge, with particular 

18 respect to permafrost and potential terrair problems | 

19 to be encountered over the northern portion of the 

20 route. 

21 Q Excuse me again, 

ze Dr. Mollarda got into the act, if I can call.it: that, 

— after you had narrowed the route down to this 

- general corridor 10 to 15 miles wide? 

ge A Yes, sir, it was after -- 

ze Q - After that -- 

“y A After the aircraft -- 

aig Q Right-- 

ae A Reconnaisance flight. | 
30 


In preparation for his analysis Dr. Mollard participate¢ 
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Mollard, Watson 
IN Chef 


in some of the early reconnaisance trips, you must 


understand that there were many of these reconnaisance | 


trips to go back and investigate some of the alter- 
natives that were available to us. 

He then used one set of 
photogaphy to identify terrain types in a band 
varying from a four to nine miles wide. The width 
of this band of terrain typing is dependent on 


the scale of the photography that is available. 


Q So what did you want then 


from Dr. Mollard? You wanted to know more about 


the kind of terrain that was in that band? 


A Yes, sir, we wanted to 
be able to anticipate what type of terrrain so we 
could assess it with respect to construction diffi- 
culties and operating difficulties and so on. 

Q Well, then, Mr. Dau, 
I am ooing to ask you to illustrate all of this 
by reference to a specific section of the line and 
I understand that the one we picked is the one that 
app ears in -- what is the exhibit number -- 
Exhibit 62, which is the Alignment Sheets North 
of 60, and the sheet that I ask you to use is’ the 
sheet that is called 1 C 10200 - 1015, and that 


appears =— 1.C-10200 =-- 1015 and thatis at the 


back of the book and before you do that, before you -- 


well, you go ahead your own way -- I am like Mr. Scott, 


I do want to have a little evidence though to 
help people to understand what it is these alignment 


sheets show. I notice that they are in duplicate. 
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One has green information on it and the other has 

















black information on and I wanted you to explain the 
use to which both of these are put -- would you 
go ahead. 
A THA green information 
64 
| relates to environmental factors, the black is more 
7 | 
on technical. This is a viewgraph of that particular 
8 
alignment sheet. The numbers in the lower right hand 
9 
corner 1 C - 0200-1015. The map inset in the 
10 | . ° : ° 
| corner identifies the location on a jarger scale 
2 
map of the area, and it is the little black triangle 
12 | 
identifies this particular location of this particular 
13 
alignment sheet which is on the west side of the 
14 
Mackenzie Delta, west and a little south of 
15 | 
| Aklavik. 
16 | 
Q Right. 
17 
A The legends. This corner! 
18 | 
of the sheet lists -- 
19 
Q That is the left hand 
20 
corner, the bottom left hand corner? 
Zi 
A R@ght, ‘sir, 
22 
Q Right. 
23 
A Has a legend of all the 
24 
symbols that are used. This lists engineering 
25 
i data relating to the pipeline route which is shown 
26 | : 
in black on this alignment sheet. 
ya | 
Q Now, you are showing so 
= 
28 
that we have a record that makes some sense, Mr. Dau, 
29 
when you say this, you are showing the material 
30 
immediately above the pipeline legend on the hottom 
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ALLWEST REPORTING L-TD. Dau, Williams 
ia is Mollard, Watson 
Lochner 

: lefthand corner. 

2 | A Yes, between that and 

: the alignment sheet. 

. Right. 

| A The alignment itsedif. 

o| The pipeline routes is shown in black on the alignment 

7] sheet. The terrain typing, that was done by Dr. 

S" Mollard, is indicated by the white dash lines that 

: enclose symbols, and if I could go to the top 

20 left hand corner of the sheet there is a dash line 

th that has got M.R.D. == MIR.D S== 

12 Q Where is that M.R.D.? 

= You are showing us what that 
_ means. 

TS A Yes, M.R.D. -- I am 

te.) sorry I cannot read them here, but you will find that 
Ey it will describe that terrain type and M.R.D. is 

16 Mackenzie River Delta. Mackenzie River Delta. 

se There is another illustration 
a0 the -- on the other corner of the Sheet, this is 
an the lower righthand, there is a small dashed white line 
a2 with a symbol B.R. B.R. can also be found in this 

= legend and stands for Bedrock. 

a Q Right. 

a) A The is the limit of the 
oa Delta, the M.R.D. terrain type. This is the channel 
o in the Delta,Husky Channel. This is the Willow River. | 
a There are,at the top of this sheet, there are data 

ie relating to test holes that have been drilled 

= in this area. The top of each one of these test holes 
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Mollard, Watson 
In Chief 


has a number, B 2520, for instance, and you can find 





























: that number on the aerial mosaic. That is the location) 
: of the test hole, this is the information that was : 
; | obtained when that test hole was drilled. , | 
> Q Right. : 
gi Then there is a profile in- | 
| between that data and the alignment sheet itself, 
z what is that? | 
‘< A Thistsssthei profile of 
| the pipeline route and in this particular instance | 
cal I believe that it varies from about 25 feet to 175 

12 feet. The scale is on the left hand side of the : 
| sheet. 

‘it Qg "That is above sea aves 
= A Yes'/-+sim! 

ag | THE COMMISSIONER: Dr. Dau, 

- you. might have said this, but I was scanning | 

sal through the documents and must have missed it. I | 

- | take it that we are to turn that map by 90 degrees, | 

ae I take it the pipeline is going northpouth »in that | 

| 

. map, is it? | 

= A Yes, generally -- 

= that is the north direction, sir. 

5 

= MR. GENEST: North is at the 

ae left hand side. | 

whan 

a THE COMMISSIONER: Yes, 7 aaaine 

af it must be but you never know. | 

*y AS® Theserare ong | 

» | 

7 strips and we try to set the pipeline in the strip. 

~ MR. GENEST: I might say, 
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BUNA go Bo ls Mollard, Watson 
IN Chief 
1 Mr. Commissioner, that Mr. Dau is one of the few 


| people around here,including Mr. Scott and I who is 
3 | not a doctor, :one of the last we will see. 


| Q I interrupted you really 





to ask about these alignment sheets. I then would like 


6' to ask you or perhaps Dr. Mollard to illustrate the 





7) work that he contributed, how he went about his work 
8 to assist you in the pipeline selection. Are 
9 you going to deal with that or is Dr. Mollard? 


10 A I think that Dr. Mollard 





1l| should deal with that. 
Q Dr. Mollard, could you 
13 take over. 


14 | DR. MOLLARD: 





15 | A I shall carry on, shall 
1 Ss 





17 Mr. Commissioner, I have 
Made some notes here on one piece of paper to 

just describe the procedure that I went through and I 
will just be referring to it briefly as I speak more 


or less extemporaneously. 






















et odw I bas 33092 2M pmihbulomt exert, Noatasiari | 
99a Lliw ow dasl gdd¢ to ones ,tosoob & tom 
yilsex voy batquavetat 2 Q _— 


na ERG 
exil blyow medt I .eteste tasmaptis seeds tuods Ass oF 
sid steatenigi: oF bislioW id aqsdieg to voy Aen of 
Miow aid tuods trew ed wod .betudbataon ed 3sd+ Axrow 
sxA .noitoelee antlegiq edd al yoy tateas 04 


“i 
‘ 


ae ae 
» es 6 


Shtsliom .1G ai xo tedt ddiw Iseb o¢ patop voy 


bislioMm ,10 36nd Anids TL A Vi [OL 
tadt ddiw fseb biuode | 14 

soy, Bisos sbantien 2d Qo , | iss 
revo sass | ES 

SARALIOM .AC yet 

fisde ,ao yutso. Lisde I A ber 
qI- aL 

eved I ,tenotesimmod . 1h has ial | vt 


o+ qreq@sq, to avaig enc no sisi eeton amos ebsm | Br 
it bas dovozlt ¢aew I tsd+ stubesoxg edt editoeeb taut ot 
oxom Asoqe I as yleiud +i oF paiexstex ed jeut ILiw— 


- : ad ee .. ee in 
ce @ bi laa 





ALLWEST REPORTING L.TO. 
BURNABY 2, B.C. 


























1677 


Messrs.Dau,Williams, Mollard, | 
Watkins - In Chief 


My job, as has been pointed 

Out, was to present terrain data in a way that would | 
be helpful and useful to my client's personnel, includ- 
ing route location people, persons concerned with | 
geotechnical studies and vegetation, and other studies, 
and the object was to try and identify the terrain and , 
classify the terrain and map it so that it would be 
useful to these people that were doing the route 
location and appraisal of the information. 

So really there are several 
components here. First of all you have to recognize 
what the terrain looks like, just like a photograph 


of a person which has features that identify them. Then 


once you think yau can recognize it satisfactorily, 





then you have to classify it,because you have large 
areas which you're dealing with,that are classified 
according to a system that makes sense in terms of 
the use of the data; and then for my part, after I | 
felt I could classify it I had to map it because 
several different people were going to use the map 
data. 
Now you may ask, first of all 


Witatere terrain: How doi “think of terrain? Well, I 





think of it more or less as landscape with a third 
dimension down into the ground. That is,when you 
look out of the window you see terrain, you see 

vegetation, you see rocks, soil, man's activities, 


lakes, swamps, and so on, so that it's appropriate, 





I think, that we think in terms of areas. It's a 


piece of ground for a particular use, and we say 
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Messrs.Dau,Williams,Mollard, 
Watkins - In Chief 
it's wet ground, or you might say it's rocky ground, 
or gravelly ground, or terrain,which is more or less 
synonymous in that case with ground. 

So that's briefly how I would 
visualize terrain. Several components, drainage, 
erosion, relief, what we call land forms, land forms 
are units,relief forms on the surface like a sand 
dune, for example, which is composed of sand about the 
size of sugar; or and I have an illustration, an 
esker which is a winding -- it looks like a railway 

gradient » sinuous and winding and composed of sand and 
graveln-= 

Q How do you spell that, 
doctor? 

A E-S-K-E-R, and it's 
composed of sand and gravel, and as I say I'1l show 


you an illustration, which is deposited in a river 





bed in the tunnel in dead ice or stagnant ice, because 


if the ice moved it would just spread the sand and 
gravel bed, which is about the width of a river, or 
a railway, across the landscape. So these are compon- 
ents of terrain that we look at and we look at them 
separately under terrain analysis and the inter- 
facing or relation of one to another, so we come to 
the term "terrain analysis". What do we mean by 
"terrain analysis"? Well, I look at aerial photo- 
graphs and try and figure out how the land is made, 
the composition of the land, the anatomy, you might 
say, of the land, and the component parts, and in 


that,my analysis, using aerial photogaphs and looking 


| 
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1 down vertically from various heights, just as the | 
2 camera in the plane looks down, some cases two miles, | 
3 some cases seven miles, above the ground surface, and 
4 | I look at these photographs in 3-D, simply with a little 
5 pocket stereoscope and this is the one that I use 
6 | which costs $20, and the older I get the poor my eyes 
7\ get and the more I have to bend the legs on it to see | 
8.) in 3-D, but this,ds,whated. use. | 
9 My professional work, of ee ucen 
10 is in terrain analysis, and is not too terribly differ+ 
1a ent from an amateur -- what you might call an amateur | 
12 | terrain analyst, for example, driving in from the air- 
13 | port here, you see a ski slope there. Well, a -versou : 
14 | standing at the top of that ski slope is doing | 
22 terrain analysis in a way when he stands there and he | 
16 looks down the slope and he says, "How steep is it? : 
17 | How narrow is the path that I have to go down there? 
18 Is that good going or pnor going?" 
19 If it were somebody like 
20 myself, I'd say, "How soft is the terrain at the 
21 bottom of the slope?" But that is sort of an amateur 
22 terrain analysis, and we do that when we stand on a 
23 mountain peak or a hillside looking down a slope. 
24 We're looking at the various units of terrain and 
25) we're saying, "How do they relate to one another, and 
26 | what do they mean to me?" 
27 Now in doing this work, I 
28 prefer to look at high level photographs, that's | 
oo pictures taken from oh, 30 or 35,000 feet, six to | 
| 


hi seven miles, because I get a big picture of the land- 
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scape, and if I'm going to try and identify what's 
at a point, in other words if I put a -- take a pencil 
and put it down on the photograph and I say, "What's 
under that pencil? I want you to tell me." 
This is what I do in class 

with students. "What is underneath that 
point?” “If youl want tofoet to ‘that’ point; the easiest 
way :s to look at that terrain from a high level first 
and then come down successively to lower levels be- | 
cause if you took me, for example, sitting here -- | 
and I don't want to take anybody there -- and Say, | 
a square inch on the side of my face might mean very | 
little, you couldn't identify me, it's too small an 
area; but if you stand back and look at’ , whole pice 
ture of me (and that's what we're doing with aerial 
photographs, we're dealing with pictures) and “my 
orientation is téentifying features in pictures 
somewhat as you would do eee of your pect stieres 
but through the years I get to recognize the distin - | 
guishing features. So that's roughly heptane go about | 
it -- try to look at a high level photograph first 
and get a broad perspective of the terrain, and if 
I want to understand the Mackenzie Valley and the | 


materials in the Mackenzie Valley, possibly the 


problems in the Mackenzie Valley, “hen i have to first 





of all get a framework of reference»so that I under- 
stand the geology and the processes that have gone 
on in the valley when they occurred because the landscape 


has a history just like a person, and it's Mother 


Earth, and if we are going to try to treat her gently 
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Watkins: - In Chief 
1 we've got to understand her, and that's part of this | 
2 first process of looking at the high photograph, Look- | 
3 ing at the broad picture, and one of the first things | 
4 as Mr. Dau mentioned when I got into -- Mr. Genest, oaen 
5 I got into the act -- was to try and take the whole i 
rt Mackenzie Valley corridor and figure out the geology, : 
>| Where different kinds offterrain were, how they were ! 
g- formed, what the composition, how deep the muskeg yaa 
9 where there was an old lake bed,where the sediments | 
10 had come down vertrally,maybe silt and clay in very | 
ll fine particles&nd settled in 600 feet of water, eae 
12 | a different kind of terrain from the terrain where the 
13 | ice has gone along like a bulldozer and pushed material 
14 ! underneath the ice, and as Dr. Fyles said in his 
15 overview, it produces glacial till. It's shoved in : 
16 | under the ice, so we may have a mile or two or three | 
17 of ice. That's a different material, has different | 
filtered | 
18 properties than silt and clay that have/ down poeuany 
19 3 or 400 feet of water, and then as the ice recedes, 
20 out of the valley it might block the valley tempor- 
21 arily sofhat as it's melting and there's a piece of 
ve ice sticking in, as there was say west of Fort 
33 Simpson, and another one at Great Bear depression, 
24 | these blocks of ice are sitting in there and they're 
36 | dams and they create a temporary lake, and one of 
26 my first studies in the framework in High Level 
27 photographs study and mosaic study was to find out | 
28 where these lakes were, what the top level was, and 
29 where the major glacial rivers, that's rivers from 
| 


30 the melting of the glaciers, came into the lake. 
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1 For example,theLiard carried a lot of sand and silt, 
°y the Nahanni and Ruth farther up. The Great Bear ead 
3 the Mountain River, these are points where you have a | 
4 different material because the river carrying sand 
5 and silt comes into that old lake. So this broad frame- 
6 work was one of the first things that I tried to Btab+ 
7 lish so that I would have a confidence level in my 
oi subsequent looking at lower level photographs. 
9 So in effect, in short what 
10 you're trying to do is try to understand the forest 
11 before you look at the individual trees, I guess. 
12 | That's one way of saying it. 
13] Well, I think if I'm right, 
14 | Mr. Dau, I started assisting and working on the project 
15 in 1969, and at that time we always try to get 
16 every bit of information, particularly government 
1 information and G.S.C. information which I think is | 
oe wonderful, as far as I'm concerned, because I find it 
Ae a great help; but we got the glacial map of Canada 
24 and that showed us where the ice moved. We were going] 
‘iia to see it in High Level photographs right here and 
ae subsequently in the last couple of years we were 
- gcing to see it in satelite imagery; but at that time 
" we didn't have the satelite imagery, we had the 
a mosaic. So we got the glacial map of Canada which show 
at ed us,in rather broad outline,the general advance of 
ee ice into the Mackenzie Valley, where it moved in, and 
— perhaps where it sat and melted back, and there might 
se be three or 400 feet of water against the ice into aay 
se these very fine sediments were deposited. | 
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i Then we got a map that showed 
2 the retreat of ice out of the valley, because we were 
3| interested in the history. We wanted to know, well, | 
4 the ice occupied the Mackenzie Valley about 15,000 
5 years ago, let's say, and then started retreat to the 
6 east, eastward, andiit didn't do’ that® uniformly, it 
7 melted faster in some places and slower in others, and 
8. we wanted to know this because we had to get down to 
9 Sspecitics as soon as possible. Yes? 
+? THE COMMISSIONER: Excuse me, 
ii Ye weS “Melting on the east side and it was not Teme | 
12 on the west, is that right? 
13 A Well, there would SERBS 1y 
= be valley glaciers in the Mackenzie Mountains to the 
15 west, but I'm referring, Mr. Commissioner, to the 
1p6 huge continental ice sheet which started west of 
17 | Hudson's Bay and spread out in a big row and misrated 
18 across us here at Yellowknife, and west to the | 
~~ Mackenzie Valley, so that the migration or flow of the 
2? ice when it got thick enough it flowed westward into | 
22. the Mackenzie Valley and down around these mountains | 
22 and up the Mackenzie Valley. Then when it started to | 
23 melt, it sort of melted backwards in the same direction 
ah to the @¢he east that it had originally flowed, and so | 
“a8 that it melted in an eastward -- general eastward 
2P direction and I don't know, maybe here at Yellowknife | 
“2 where we're sitting,the ice front was over us here : 
“Be about 10,000 years ago. 
4 So those two maps we used, 
33 and then because we wanted to be more specific, we 
| 
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orderd the topographic map Mr. Dau has mentioned, be- 
cause we felt we could see level benches along the side 
of the valley and we thought, "Well now, if the top of | 
that level bench comes up to 900 feet, and we can see 
where the ice could block off and give you a ‘lake," 
it doesn't exist there now, of course, it's drained, 
but where it could have given us a lake, this gave us 
further evidence and confidence. So we wanted to figure 


out this glacial retreat history and the system of 


lakes in the valley, because then when we came down we 
had another tool to correlate with the direct looking 


at a photograph. In other words, we had some blood 


sample data in addition to the photograph of a person 
that we were looking at. 

We alsogot the government 
vegetation maps, »* the best that were available at | 
that time, on a quite small scale, and of course we 
rifled the National Atlas of Canada, every map that 
they had in there that pertained to the Mackenzie 
Valley, and as Mr. Dau has mentioned earlier, we | 
ordered the one inch equals 10 mile mosaics, and 
at that time we also ordered the High Level photographs 
of a good substantial part of the valley which would 
be about one inch equals a mile, and that's a good 


starting place because if you come down too low and 





start interpreting, down to a wart on the side of 
your face, you're looking into the trees, but when 


you get up high you can see the geology and the trees 


are dwarfed so that in effect they look like grass. 


You see the relief, you#on't see the vegetation, and 
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1 at that level we wanted to mask out the effect of the ! 
e vegetation, we didn't want it to.harm us in figuring | 
3 Out the geology. 
4 Now I think I've covered 
3 in a rather general way most of the things that I ane 
5 | ted to leave with you and I think that I'll probably | 
7 go to some slides and maybe I can drawn some examples 
8. in them that are familiar to you. There was one this 
9 morning when we were having coffee here, I looked out | 
10 the window and I could see a nice polish, nice smooth 
is whale-back polish on the rocks right across the 

22 window. You want to look at them when you go out at 

~ lunch. They're the same features that I have shown | 

. on one slide, except that instead of bedrock materials| 

15 that we see out the window here, mine are soil | 

16 materials, boulders and silt, sand and gravel, all 

7 mixed up, churned around and moved underneath the | 

18 ice but they look in shape very much like the barons! 

4 scraped and abraided rock in front of the building 

20 here. 

zi Now I've selected about 

oe 18 slides out of about 2560 that I have on permafrost, 

-e including air photos and satellite imagery and ground 

24 photographs showing permafrost features anc closeup 

23 Of Samples, and ‘so if you"ll bear with me, I'll ‘put 





them on the screen and go through them and try and 
explain them as best I can what I see on them and that’ 


I think might be most helpful to you, Mr. Commissioner, 
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oe uaaee apeiee Messrs. Dau, Williams Mollard, and 
Watson a el 
In Chief - | 
2 QO We've taken aleaf. from ee 
2 Scott's book in the overview and I will arrange to. 
3 have these slides reproduced and put in a book so that 
4 they can be on permanent exhibit at these hearings. 
5 THE COMMISSIONER: Thank you. 
6 | DR. MOLLARD: I might say that zu 
7 can feel a little bit for the people in the back of the 
8/1 room, because to me this looks very sharp and clear, Bina 
9 it's just like I was telling you, that, in recog nizing | 
10 people you see them from a block away, they look very 
11 small and you can just barely,barely recognize them, and 
12 then when you get up and look at them from two or three 
13 feet away you can see the detail. So I have the advantage 
14 here of seeing a great deal of detail, a foot or two, Be 
i5 you may not be able to see, it may be sort of fuzzy in 


16 the back, I just don't know. 


17 This is just a snapshot of one o: 
18 the mosaics that we ordered when we ordered our first set 
iS of mosaics. One inch to ten miles. And this little bar 
20 down here shows a distance of one mile. Now I haven't 

2i measured this but if you were to guess, that's one mile, 
22 maybe this is ten miles and that's maybe twenty miles, sq 
z3 we're looking there, we're looking down at about two 

24 hundred square miles, I would say probably minimum, two 
ae nuntited dade miles of land surface. This is Point 

26 | Separation, which comes into the Mackenzie Delta. And 
27 you'll see these very, very winding sinuous streams in 

28 here on this so-called estuarine delta. In other ee 
29 not too long ago, several thousands of years ago, the 





30 ocean was back here, and now this is built all the way 
















1 niovt eas felt eviews OQ . oO nae ee 
od spaprss Lhiw dt Bas woltrtsve: edt mivstood ‘e'stooe 
Jent ce dteod 8 ob fog ‘bre -beoubouaes, ebile eeett syed, 4k 





ton tiset sets te dadiftixe doenemreq 1090. neo yoAt . \*, 

voy tnsd#? <qgvOzeeneMOD-aHT is le 1. 

i derfd yee digid I, +ORLIOM eae, = BAt- Gig fa 
| eit to Aoaed oft at. sliqosg sax tot ssid, oltsibos {eei.nso lt 


fud «bolo Bas queda crsv edood shit am.02 saunoed «amor FS. 
Qeisth veost of .jetd ,soyv poilfed enaw.t @oiat teug, ess | a _ 


av Jool yotit yvswe stoold #- mou, medt age goy siqoeg 


hat 


PERRe ES. 


| 
‘Bas <maett exiapooes viowsd,yleted tau— aso voy Sas tisme 
. soift 106 owt Moxl merit 7s Sool Has qu dep voy mew nods 


i 
1 


sthétosvbs oft ses tT o8 .lisgveb aft Sem mea poy yews. te6% 
sks ,owt ww doo? 4 \Lisieb to ineb tsexp s wnisee to exer 
ni yssvi To 3toe od yer Jf .e92 of elidg sa Jon. yam voy | 

| work t'nob devt Z «toed od. 


#6 ato to todedste & Jast ak aidt 


3 — Seas 


‘hd of43i1 aig? BoA ,2elin met oft donk en .eotseom to 
| i'n sever I wot afin eno to sonstzelh s ewode axed awob 
. Ssitm snd e'deds ,ensup o¢ atew woy ti gant ebrit aaeroriee: 
be salinm ytdewt soyem e' ted bas aelim ned |t ald “seven iss. 
(ows: sheds Js nwob paiteot s1'aw sued? pridool sx'ew yes 
\ owt .mimintm ¢ieedorg ee biuow I .eeLin iandeac niles yas 
| jolted ef Bidt one tie hasi to eal | 
| fut ised Maaaiestis “Adimies ono; 

i cen aie anes 
sai, tende,  « 
nike" abetpesie + 
yew ons Noha aie ’ 7 


= nS 


ie ta1i2 auo bershic sw netw betebto ow dsd3, aatseon ant 
} 
i 












= 












l6¢7 








REbGees REP Oe Ne bre: Messrs. Dau, Williams, Mollard, and 
Watson 
in’ Gaver 

1 north of Inuvik up to Nanook and up to the Beaufort 

2 Sea. And this is what Mr. Dau mentioned this morning 

3 when he said M-R-D. This is the Mackenzie River Delta, 

4 and we have a short abbreviated description of that 

5 on the legend as he pointed out on the right, and we also 

6 | have a much longer description of the kinds of materials 

7 and the vegetation and what we call the "stratigraphy" 

8. which is layering like a layer cake. It's peat or dead 

9 organic materials at the top, and then silt and so ons) 
10 That's part of looking at the total components of the 

iq landscape. Now if you look down here, you can see rather 
12 - very vaguely just a little bit of this evidence that : 
13 we have out in the front here, where the ice has flowed 
14 down here like that, amd sort of sada you linear features 
15 very low ridges and the really swales on the 

16 surface, you can hardly see them. You can see the directior 
17 | of ice movement. 

18 Then Wacie Here the ice stagnated 

19 and you get a lot of ponds. These dark thaw ponds, whelre 
20 you have had melting out of ice, ground ice, ina | 
21 sense,these are what we call, "kettle holes"®, they are | 
22 _ pieces of glacier ice that melted out. And so you have| 
23 a whole bunch of sort of, depressions here of different 
24 shapes anddifferent sizes. To me, looking at then, 

25 quite different from thaw features. 

26 Now, there's a great deal of 
27 information you can't see at this particular scale. | 
28 For example , here right underneath the 's' in five 

29 | miles is a little lake, and right inside that lake is 


30 a hill, which is about two hundred feet high, and it is 
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2 wooded. And that's what we call a "cave" which is Simaly 
2 a mound of sand and gravel built in contact with the | 
3 ice. Now we look at that in our one to two thousand eo 
4 and iLe°is"tairivyieasy EOYpick*outs) > Soy in short, there 
3 is a whole series of things that you can see in lower | 
level that you can't see here, but this is good for the 
broad overview. Giving you a sort of definition of the 





boundaries of major changes in the landscape, major 
changes in the history, and the materials. Because 
ultimately we want to say, how was the material laid 


_down, how was it made, when was it made, what are its 





properties, what do the properties mean to us in terms 
ofrour project?’ That’ stithet name of the’ game. 

Okay, now, that was a government 
mosaic that we purchased. And I confess that this isn't 
the greatest mosaic, but this was one we made WerRelives: 
You can see the corner of the individual photographs, 
this is the photograph number down here, and we simply | 

pasted these together. And where they are rather See 
along here, this should be the same tone, if the photo- 
graphs were tone matched, but unfortunately the old 
original photographs were fairly poor quality, and we 
could interpret them quite nicely, but for making a 
beautiful picture that looks like one single, instead 
- ©£ having a patchwork of several.’ That"s what a mosaid 
is, you lay several photographs down, so that you are 


looking at a long length made up of many individual 


prints. And this is what Mr. Dau's window on his 





photomosaic is, only much more professionally done. 


NOw, this shows the Old Crow Flats! 
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bl here, and Old Crow down here, the Porcupine River, in 
2 | what we call Pediments Slopes. These square shaped 
3 lakes up here in the Old Crow Flats, which are a very 
4 fascinating thing and have been reproduced in several 
5 technical journals. And the same legend, abbreviated 
6, ! legend on the right. We wanted a shorthand, we couldn't 
7 go into a great deal of detail, but we wanted a short- 
8 hand legend so that you can read it and look over here 
9 and know what kind of materials these are. Fine sands, 
10 silts, over clays, for example. | 
d} Now, that last picture was a mosaic | 
h2 made from prints taken from an aircraft flying at about 
13 35,000 feetaor! Jrmiles up; inu:the, air.: This is the kiné 
14 of mosaic we'd like to prepare where you don't see any 
15 lines, it looks beautiful, but really it's an Erts, FOE 
16 a satellite image. That is, it's taken from the old | 
Lz satellite going around the earth and coming back to the 
18 same area every eighteen days and flying or orbiting 
x9 the earth at 570 miles above. And giving a scale here 
20 of one inch equals 16 miles, so that this is the Gtekt 
21 Bear River. I can't say that it's real sharp, but to 
22 me it's sort of fuzzy, but I can see the islands in the | 
23 Mackenzie River here. I can see Mount Clark in the 
24 | end of the McConnell Range. I can still see, ev! 
25 | at this -- I'm going to step off here, before I hurt 
26 myself -- I can still see the direction of the ice. 
27 You see the ice came through here and moved in and 
28 blocked off the valley. This is high on the west side 
29 of the Mackenzie Valley, so the ice simpl:? came in here| 


here 
30 moved over/ blocked this off, and formed a lake back in 
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Watson 
In Chief 
i the south, toward Black Water, Saline, and those creeks 
2 and rivers coming in from the east. Then the ice came | 
3 in here, blocked this off, gave us finer grained lake | 
4 bottom material, quiet water, then as the ice receded 
5 out, you had a delta built in here of sands and EAs 
6 Sands just about the size of sugar, and when it dried : 
i] up and the ice moved away, ten or fifteen thousand. 
8 years ago, the wind came along and picked these grains 
9 of sand up inthe air and blew them into dunes, sand | 
10 dunes. You couldn't make a sand dune up there now at all 
a but at that time the conditions were just right, like | 
12 they are now in California and places in Southern 
13 Saskatchewan for building dunes. 
14 Now, we'll look at one of these | 
15 slides, in this little area in here at a lower level, | 
16 and you can see an entirely different type of detail. | 
La So this is what we call a "band" -- let's see, "band | 
18 six" which is in the near infra red. It's not even | 
ses) in the visible. This picture isn't taken in the Poa 
20 which we see from violet to red, it's taken beyond the, 
21 visual, in the infra red, photographed in infra red. 
ne Okay -- | 
23 MR. GENEST: May I ask, so el 
2a DR. MOLLARD: Well, yes, okay. | 
25 | May I say, hear, hear. You mean about the infra red? 
26) Q Yes. | 
27 A Well, it really -- | 
28 Q I have trouble enough | 
Zo understanding all this without throwing curves at me. | 
| 


30 A Yes, well, shoot the curves. 
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The advantage of an infra red, and 





I had four and I picked this really because to me, it | 
was a little clearer. But what the infra red does | 
-it highlights the drainage, where you have a water Bele 
near the surface, you have creeks, where you have ice | 


breakup, in other words, if I am doing a study now in 

| 
the North of ice-breakup in river, and I've ordered all 
of this same band that we looked at Showing the ice- 


breakup in the rivers when it occurs, because it shows 





water black, and it shows ice and snow white. And of 
course it goés around and you get the same area every 
eighteen days, if you don't have sleds So that is one 
of the advantages of the infra red. ahows your wet 
areas, and it also can accentuate the coniferous 
versus the deciduous vegetation. 


Now, this is an area just south of 





Wrigley, and this is coming down from 700 -- what did 
I say, 570 miles -- down to about 7 miles. This is th 
kind of photograph that I like to look at early in the 
study, because as you can see here, this is all vegeta ed 
and this is quite heavily vegetated in here. Quite tall 
trees, but still they are massed, because you can 
imagine being seven miles up)the trees look like grass 
. I look at this in three dimensions. It stands up, the 
valleys go down, and the rivers or the hills stand 
up in the air. You can see here that there is a aan 
of where this ice moved into the valley here, sense 


river between two mountains. It came in around Willow 


Lake river, moved into the valley, down about to, abou 
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and slightly beyond River Two Mountains, where it 
started to melt. 

So here is another block in the 
valley, and between here and the last one I showed 
you is where we had a lake up to about 900 feet. 
Quite a bit of silt and clay deposited in it. Now, ne 
is what we call a"panchromatic" or black and white 


photograph. And I suppose 99% of our work is done with 





black and white aerial photographs. 

But the next shot is going to show 
this little area, if you look at this little gully 
coming in here, and these islands here, I'llshow you 
a colour infra red. What a colour infra red does for 
us, and there is only one flight line down the 
Mackenzie Valley, flying at about a scale of about 
one to fifty thousand, which is a little bigger than 


one inch to one mile scale. One flight line, but what 





it does, is that it shdws the stress in vegetation. 
In other words, we don't what is stressing the vegetatilon, 
it might be high salt content, it might be very, very 
shallow distance to rock and the roots can't get into 

the rock, it might be the permafrost table, the roots 
can't get down into the ground because it's frozen, 

and that is stressing it. So the plants aren't 

vigorous, they're not healthy. So anything that 

stresses the vigour of the plants, in other words, you 
give the willows and the paper birch a little thicker 
zone, and the roots can go down and they respond and 

they come out pink, and we'll take a look at that in 


the next photograph. 
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Mollard, Watson HEN eS: 
In Chief 

nf You see here is a little thicker 

2 layer, it's thawed a little bit deeper, these are a 

3 little happier plants than these over here, because 

4 they can put the roots down. Now we come out in an 

5 island in here, and I don't know whether that's sharp 

6 there Lee? It looks a little fuzzy there. That's 

a better. 

8. | You can see, you have the Maaignz ta 
9 River. This is just south of Willow, or Wrigley. The 
10 river water has been flowing afound here so the 

acd. willows on these islands in the river are thawed and 
12 they are responding by giving you this tonal difference. 
13 We just had a narrow band, and the flight lines started 
14 about the Sans Sault site, and ended about the airport 
15 at Fort Simpson, so there ae just one band down there. | 
16 But we found them helpful , because we were going along, 
27 and we'd say, "well, the thaw depressions look different, 
18 north here, around, River between,or between Around 
19 Mountain, Mountain River. There possibly the permafrost 
20 is coming in, we're getting mere permafrost along the 
211: little pond ." But now, we come down here around 
22 Hodson Creek and Willow, it looks as though the permaffost 
23 is melting out, and that the little lakes are getting 
24 larger. They're swelling rather than shrinking in siz 
25 
26 
27 
28 
29 





j e002 
| 7 
| ‘tevoids efisif s ak eyen sae voY i bein 
| f 81s sfeat ,19qa95 - tid alstil 6 bowsds atthe ysl a ia 
gausned ote yeyo saedd assis atasiq xsbqase f otstht 
ne ai tuo emoc ew wok .awob efoox odd, duq 1B ‘yen 
| quate a'dsrit sredtesw wond 4'aob I baa ,sterd at Saslet 
a'tss? .euedt yssul afstifl.s edool 31 Seed exestt 
| srodted. 


pietaastosmM oft eyset poy .sen WA oY fds 
. 
, 
| 
! 



















‘ed? .yolpiew «o .woillW to davoe geut el eidt, ,tevid 
ets oe sed batrexa oriiwolt ased esd t83sw zsviz 


brs bewstt ote, sevix ef? al abaslet sued? no ewolliw 





-pomezst 2h Isnot eldd pov ooivip yd palSnecess,o16. yor 
|bedusre eentl srphft oft base ,hosd worrsm,6 bed javt oW- 
evonte ett tvods behest Boe ,etie aiusée enee eit tuods. 
| -c1si3 owoh Bbasd eno tent ef exted> cof ,anegqaie 21074-3968 
 BitC ie paioe exew ow sevsced, Ivitgfed med Bbavokt ew 320g 

Shae Sie Zool enobsasrqsb wads afd ,fiayw" yyse blew bas 
| bayotA reswied 1c, teewied stevia ,bavors ,etedufzion 

seoxtsmaaq sit vidtesoy eteiT .2ovih aiednuen fibedauem | 

oft pools seorismzeq ax0m poidtep ot" ow att pnbmos al 
| bavers axed nwob samiog ow Wont 58. Pat: brog, Perse 
oxytamssq sor dpvodt es asiool tt ,woll{lw fre %eexD moebor uP, 

Mmicziep sexs eadasl sissit os ted? Bas oe | 


acca 





195 she at paténiade astit zesited pniffewe sx'yed? |, 


| 
| 


Dau, Williams 1694 


ALLWEST REPORTING L-TD,. 


BURNABY 2. B.C. Mollard, Watson 
In Chief 
1 
Q Excuse me, Dr. Mollard, 
a do I take it then that what this shows you is that it 
3 gives you information of what you are likely to find 
4 underneath that surface? | 
5 | 


A That is right interms of 


permafrost, it is simply one more tool that is very 
inexpensive, that you can buy from the Government, 

at a very small expense for a bout a dollar a print. 
And they are high level, so you do not have to buy 


very many of them. 





iwwillenotego into, this 
slide, but it simply shows the exercise in terms of 
stages. The black line is where I visualise the | 
ice front and this is the exercise that I went through, 
in time, in space, because we have to think in, tour | 


dimensions. Where we are in space and in time and 





this is what I was doing here, trying to find the 





blue areas,which are the old lakes which are now 
drained, so that when we looked at the air photo, 
just like they say, "It's Tuesday, this 

must be Brussels", if we are between Black Water 
Creek and Wrigly and we are below elevation 900 we 
should be in this kind of material. That is what 
that exercise is about briefly, okay. 


Q Right. 





A This was a Map, a 


very, very general map of the valley “that I prepared 





where wehave many, many different types. I simply 
show this in terms of five. Green being the bedrock +- 


green being the bedrock in here. The blue -- this is 


| 





LA 


| peBE amie , Gad 


iia 












ybusiloM .x0 ,om sevskt 9 ii 
(3h ted 2f voy: ewore eit tetlw aad fea Top 1* 
| paid 03 yisdil sis. voy sedw to fe eats Fe 
fevstuds nll cal i 
1. ' 
(70 emistq? ¢dpts ei dedt = A ie eine Wi . 
| tev. et ted foot sxom sao ylqmie si +i |, e072 serxeg at 7 
dnsniteved sft moxt yud mgeo soy Set sipbeoauenhd | 14 v 7 
~-tnixza 58 wefisob s trou & 26% esenegqxe [iame yrev 6 46 , {°° p 
le ’ 


youd o3 eved Jon ob voy.ce , Level dpetd ets yens bad ; | 
nets 2O Yosm yxey 


zidt otat op fon Iftiw & a 


S & ie : 
i ad an 


- 
to emiot qi setonsxe ade awode yliqmie Sf sud bila h ee . 
eit seilseviv I osotw at sakt Aveid sit Jaspase pte } 
dpyoidt toow I jstt seiswexe gat at elde Bas snoiwt 952 } jE 
1wot ni aAnkiy of svand sw sevsosd ,sosqe nk, omic ea . . 


bas omit nk bas soeqa ak sis sw etedW- .enokanemib — - 














eit Batt of paty7d , Sted patob sew I Jeriw el atdy . pes 
wor 91s doidw e9Nsl blo ef¢ exes dodiw asters ould | 
| ,oteng tis afd 3s betool sw -feftw stede -da benis1b . a 
aint ,yeGeovT e'3i" \yse yers exti seut , oF 
| we75W AOelE neswied ete sw If ,"slesersa ed feum ! . . 
ow GOL adivevele .woled sus aw base yiplaw bas fosxd- les 
sedw et ted?  .isivetsm to bafal eldd nt sd biuorde bed 
|  «Nedo .yftelzd gueds at seloxexs ted a. 
trip ia 9 
| 5 ,\qe saew ald? A 
bsxeqezq I jsd¥ yoifev ed3. to quam Estenep yrev \ytev - 
| tents < | sagt? sieeeake amet vata wre SEE, 
+ Xooxbed: od panied aso revit 20 amied al eid? we 


ei aidt -~ ould oni aia oo aa 





ALLWEST REPORTING L-TD. Dau, Williams 169> 


BURNABY 2, B.C. 


Mollard, Watson 
In Chief 


and 


the old lake bed over Old Crow,/ the blue in here being 


these lake bottom,, no lake there now, but these are 
ancient lake bottom material which are fairly heavy 
textured, we say heavy, they are fine, they are 

clay -- not too sticky, but they have got a little 
bit of stick. If it was raining you would say that 
they are muddy. Now, into that lake we are goingto 
have fairly good-sized riv ers coming in which Ware 
fed by the lake here. I have got deltas, and these 
yellow areas are deltas of sand and silt and they are: 
important to us because they tend to get,to have more 
ice because they are in this silt-sized, a very fine 
sand-size and they are more susceptible to growing 
thse ice lenses, so when there is a tear in the 
vegetative cover, a tree gets knocked over by the wind 


and the sun looks down and starts to melt, then you 


get a thermokarst, one of these thermokarst depressions 


developing and there we see it, it looke like Dutch 
cheese on an aerial photograph, so thatthis is part of 


the pidure that we are trying to paint -- 


Q Do you mean swiss 
cheese? 
A Well, swiss, did I say 
swiss? 
You said Dutch. 
A well, the one with holes 
in it -- maybe I should be corrected there. 


Could I have the next 


slide please. 


Q There is some things that, 
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i I know. 

é (LAUGHTER) 

3 A This is the Mackenzie 
4 River and this is just south of Fort Norman and we 

5 are coming down now so that we have got a little 

6 lower look at the thing. the lakes look a little 

7 sharper, these are thermokarsts. This D.L. stands 
8" for,it is an old delta, so that we have a layer of 

9 this fine sand and one of the-clues, you are always 
10 looking for clues as to what the material is, 

11 in other words,,if I put my pointer down there and I 
12 say, what do I guess for starters that material is 
13 below the moss and peat cover eres What kind of 
14 material, if I took an auger and went down there 

15 four feet, what would I strike? What would I strike? 
16 Can I guess the kind of material? Well, if you 


have had a little bit of experience you can sey 

yes, I can guess and I can guess quite accurately, 
because here we are just seeing this side -- 

you see, these are long sand dunes that run for 
miles in this direction, big things that show up 
very sharply and they are very obvious to the photo 
interpeter. But what are sand dunes? They awe 

wind carried,deposited by the wind. The wind can 
only carry material between about a tenth and a half 
a millimeter, that is from a very, fine, fine salt 
to about a medium coarse sugar. That is the kind 

of material it carries, so if I have gravel here 

I could not build sand dunes from the wind. If I had 


ice laid material, like I told you, boulders and so 
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on, laid by .the ice, I could not build it. 

So this occurance of these 
materials tells me what I expect to find here and 
this is a little slide failure along the bank, so 


these are deltane deposits, siltsand fine sands 


with thermokarst, these will thaw, these are not 
glacier ice areas where a chunk of glacier ice got 
buried and then melted out, these are actually | 
permafrost bodies of ice that have melted out. 
Okay, I do not think that I have too many more 
here. 

This comes back to the 
picture outside the door here; where you have 


these smooth ridges, they look like cigar shapes here 





and that is where the ice moved over and underneath 
the ice as it overrolled ae soil, mixed it all up just 
like a big bulldozer,,it sort of streamlined the 
surface and when I look at this I say, "That is not in 
a lake bed, that is shoved in by the ice. It has 

got a different moisture content, a different density, 
it has got a different permeahility than your 

lake laden materials." So, it has different CT asa 


cal properties. 





Now, you can look outside 
and instead of soil you will see the same thing here 
on exposed bedrock. Now, over here you will remember 
that I said the abandoned railway grade where the 
ice moved into the empty valley and all of a sudden 


| 
| 


it stopped, melted. The sun came down and it started 





to retreat, but there was probably a crack in the | 
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range and the complexity of these materials. They are 


In Chief 
1 | 
ice and down the water went into the crack and down 
. along underneath the ice in a tunnel and formed | 
; this little, wiggly ridge here which is maybe ten 
: to 20 feethigh of sand and gravel, enclosed as it is | 
in the ice, so it has ice around it and then when the | 
ice melts away it collapses, so you get broken | 
a beds and of course if it is the spring of the 
: year, there is a lot of flow, you get gravel. If it is : 
of in the wintertime, thre is hot much flow so you get | 
_ very fine materials, there is nothing forced to carry, | 
= We will take a look at what this would look like if 
fa We just took a great big cleaver and we hacked through | 
is that ridge, which is 20 feet high, what would we see, 
1 okay. 
oe This is the kind of thing that | 
‘. we would see. See the gravel, probably the spring, ! 
larger flow, here is a bed of silt, in fact there it lees 
18 maybe | 
a as though there is a little organic material,/there was 
> a little growth there for a time, or maybe growth in | 
4 the land, if there wa s vegetation growing on the 
as top of the ice as there sometimes is andit is washed 
ba in,here gives you a little darker band, but you will 
ah notice that this queer mixed up mess and this odd 
Ae shape, looks like a layer cake with a bit of a twist, 
oe it has collapsed:so that you have got to be very 
oe careful when you put a hole down and you are looking 
a for gravel, and I suppose we tested over 500 of these 
o over the years. ONe hole can be Misleading, 
an but if you have tested a few hundred you know the general 
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“ fine for certain uses, but no self-respecting con- 

2 crete contractor would ever look at one of these | 
3 deposits and if he could get coarser and pececnmcteaned 
4 material, | 
5 Okay, that shows an esker. 

6 Now, this is rather interesting because it is not 

7 collusion. Mr. Dau presented the picture, if you 

8 remember the one he showed to explain the terrain 

3 typing. This is the same area and I sited this one 

10 in Regina, as I say, one of 18 out of 250 slides and I 
11 did not know which one -- or I did not even know the 

12 sheet that he was selecting, so, that is maybe mental 

13 telepathy, but I just want to take a minute | 
14 on this because what you have here is a fan shaped 

15 deposit coming :down the Mackenzie Valley. ! 
16 Now, if you have looked at 
Li a lot of photographs in a lot of areas, most of your 

18 alluvial fans are sand and gravel. We call these 
19 "C" for coalescing alluvial fans. We use the first 
20 letter on each so that we can remember them fairly 
21 easily, but what has happened here is that 

ae you have very steep sided basining here, It is like 

= a great big bowl, very steep rocks and they are soft 
rocks, they are silt stones and shales, that is compressed 
= silt and Sere shale. These are 60 million years 
“ old, these rocks, but they are exposed in a harsh | 
a climate. It is cold and there is a lot of freezing and | 
ni thawing and these steep slopes shed material down the 
oe slopes like this and then you get a run off in the 

30 


spring and the rain washes all this material out and 
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1 
where does it deposit it? It deposits it on a fan. 
: And it has been doing that for thousands of years. 
; What do we see on the surface? We see vegetation, 
; so we get growth anid decay. That gives us organic 
; material. so, if we put a hole down there we would 
: say this stuff is weathered here into ~fine materials. 
i It is washed out here, as basically silt and some 
4 very fine sand, deposited along these stringers, it 
: is growing up year after year, the old deposit, a 
hundred years ago is now buried and it had grass 
o in it, sedges, so that decayed and we get 
r organic silt and that is how we look at this. 
: Then we say, well, in this 
environment it has also got ice in it. So it is an 
a icé rich organic silt. Now, you cannot tell from | 
ag drilling really where these little bodies of ice are, | 
4 because they are like raisins in a cake. You know biel 
i HOE lot of them, you know generally the dimension, 
= but it is like looking down on a cake pan with icing 
es on it and you have got a toothpick and you say,"There 
hi are a lot of raisins in that cake", these are the 
ig bodies of ice, where are they? And is it important 
qi that we define everyone and the shape? The thing 
a is to get an idea of whether there is little ice 
. or a lot and whether it is rather - randomly distributed 
a and what kind of ice it is in the aihecuv ease: 
i Okay. 
28 
Now, I will just take a 
very short time and this is the terrain legend that 


we have prepared on volume two. This has been supplanted 
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by a later one because of route additions and so | 
2 on, but we were interested in the landform depositional | 
3 environment, this is what I have been talking 
4 about, how it was deposited, this gives us the Feliet—, 
3 is it a ridge or a valley or a flat plain or a depressign. 
o| Stratigraphy, this is  layering:: “is there one layer 
y over another. In other words, is there gravel over | 
2 clay over sand and so on -- or is there peat over | 
9 clay? These things have construction implications 
10 in terms of construction and maintenance. I cannot 
It assess the implications too well. I can get a good 
Te idea what I think, but this is really a pipeliner's 
13 problem with a great deal of experience in pipeline: | 
Be How do you design, how do you .construct it, what 
we are the problems, what are the costs and so I simply 
16 look at these things and map them and somebody else | 
20 puts the implication from these pipeline investigations, 
= Not only engineering, but environmental. 
9 
20 
Zt 
22 
23 
24 
A 
26 
a 
28 
20 
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1 A Permafrost vegetation | 
2 then I thought if I was going to do this I should have | 
3 an aerial photograph in there so that you could look | 
4 at it in 3-D, then test holes, whether we had two or | 
5 three or 20, this is quite old, I suppose this slide | 
2 is maybe four or five years old, but we went through | 
7| the whole corridor doing this, anticipated engineering | 
8. characteristics of drainage and then | 
9 columnar profiles, what we visualize, the | 
10 range of depth because anybody that's done an. ayrut 

11 lot of drilling, especially in routes, you know that 

12 you canhave a terrain type and it's got uniform 

13 properties but you put a hole down here maybe five | 

14 feet and you go over here and maybe 500 feet,it's 

15 ten feet aie so on, so there's a certain expected | 

16 variability or a little rhythm to that terrain type so | 
1? you have to capture it and that's what we tried to 

18 do in the profile. 

19 O.K., So we wanted to say 

20 really a little more than this. We wanted to say, this 

21 was the one we were looking at,where we had the 

22 cai lescing \alluvial sand, low gradient sands, 

23 less than one degree coglescing icebergs, silty 

24 | | pee 

a textured sands all over the Richardson / and so on. 

25 The land form, how they were made,and I went through 

26 that. 

af Then specificity one or 

28 two feet over these organic and inorganic silt and 

2° silty, very fine sand. That's the bulk of the material 
30 


in those bands. Then the permafrost, the zone, this 
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is off Roger Brown's permafrost of Canada mean annual 
temperature, active layer and so on, this material is | 
from drilling and from records and old reports that 
we had and so on that we had to go by. 

So here land form, decomposi- 


| 


tional environment topography and permafrost 


\ 


underlying, incidentally, its -- you see, this has 


| 
got to cover an area, in other words you start at a | 





location in the north and you go 50 miles or 100 miles 
south, so that you may go across a boundary, one of 
Roger Brown's boundaries onhis map, and continue 
and discontinues, so this means it's wide- 
spread, this means that there are isolated occurren- 
ces and these other says that there aren't 
any avaikble or very little. O.K. 

Topography, the same thing, 
naturally those are; finite, the small things are 
very, very small , vegetation is light density and 


so on. The aerial photo features the same 





engineering characteristics -- 

and slope stability and the general first look at the 
thing -- settlement, excavation type, drainage, 
classification. 

This one shows the kinds of 
material, and I would say probably that's the minimum 
depth on this side,. and this is the maximum depth and 

cover 
this is the peak /and this is the ground ice condition 
that one would expect to see if you went down the 


surface. Now notice there's quite a long range here 


so that most of your holes down 10 or 15 feet will 
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be in this material. If you look at the next one, I 
think the last slide -- can you get the next one -- 
it shows quite a significant range of peat. This 
is fairly thick peat over lake bed .materials, old 
lake bottom materials, sand,silt. 

You'll see quite a range in this second layer and 


it's over a thirdWe have three different materials 





with different . layers and when you're test-drilling | 
you've got to be very careful visualizing what you!tze 
test-driljiing is doing. You've got to understand your 
material as best you can because you can put in holes 
every 500 feet and think, "Boy, those are really closely 
placed,’ and I know what's there," and then put in a 
hole in between them and find something slightly 
differently. The thing is, is the difference Signbiee = 
in terms of what you're doing? Do you have to know | 


precisely after it's/a certain stage, then it probably 





doesn't matter in terms of design. 

O.K., that's the simplest -- 
I think that's my last one, isn't 8 Se) Yes. 

Q Mr. Mollard, I take 
it then that this gives the pipeline engineer an 
accurate idea of the type of terrain he is likely to 
encounter along the band of terrain that he has 
selected, by the process explained earlier by Mr. Dau, 
he's narrowed it down by map studies and so on, 
Pivinovover Lt, to a-pand of terrain. How do you =- 
I take it these are conclusions drawn from your 
study of the features and the process you've just 


described -- how do you test the veracity or the 


fore 
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accuracy of the inferences that you've drawn? 

A Well, you put ina 
number of holes and test them. For example, in a sand 
@une i'd think twice about. putting a hole in it, you =) 
know, the ya ered gee seen because I've tested hundredg 


of them soiif/a cost thing you put them into terrain 


which is a little more variable and which you would 





expect a little more variation. But in this particular, 
project, starting back, we had a whole series of 
holes and then later on we addad to them and then 


latterly the Department of Public Works has put in 


_ something like 7000 holes so these were used to verify 


the terrain typingthat I had done, and I think just 
looking back, I was looking at some yesterday morning 
in Calgary, where yau know, you go from 800 holes to 
7,000 or 8,000,an d I can't say that my impression of 


the terrain units changed substantially with that 





increased drilling that was done. It was basically 
much the same. 

Q So the data that you 
got Bont tensed that your typing was acdurate. 

A Well, I'd say I think 
it's acceptable from my standpoint. I think it's good. 
You see, I look at it as a person that's looked at 
many of these and tested, many of them in the field 
and so on, and I want to derive a given level of 
accuracy that's useful and desired and necessary for 
the project. 

Q Right. 


A At a given stage, and 
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1 think’ thistis ,Sand*=thats* how’ It Look .at it; because, 
2 you know, I've been on projects where we've done five 
3 or ten drilling programs lasting ten years, and you 
4 get more and more information; so at the stage and the | 
-) intent of the job, what it was designed for, I think | 
6 the level of accuracy is quite good and I think it | 
7 matches the other maps of the Mackenzie Valley that | 
8 I've seen prepared by other people quite well. | 
9 Q Mr. Dau, now how do you 
10 use that information that's provided by Dr. Mollard's 
11 methods in specifically route selection? I know it 
12 covers other matters as well, but how does it assist 
13 you in placing your route? 
WITNESS DAU: 
14 A Well, it is one of the 
15 many considerations used in selecting routes. The different | 
16 terrain types and their characteristics, as Dr. : 
17 Mollard has described, are assessed with respect to : 
18 their construction difficulty or with respect to 
19 their performance after they have been disturbed due 
20 to construction, or with respect to the maintenance 
21 problems that may come up after the pipeline is 
22 built, and you can't eliminate all of the problems. 
23 You have to optimize your route. Maybe I can explain 
24 that. — 
25 Dr. Mollard may be able to, 
26 for instance,identify to us the areas in which muskeg 
27 was five feet deep on an average. He may be able to 
e identify areas where muskeg is 20 feet deep. We 
a? would obviously prefer to be in ashallower muskeg 
30 if we have to cross muskeg. But that may add 
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significantly to the length of the pipeline. You have 
to balance the additional cost in going through the 
deep muskeg against the increased length of the route | 
which is a cost by missing all the deep muskeg, and | 
these have to be in balance. 

Q I take it there are 
also environmental concerns -- 


A Yes. | 





Q -- and other concerns. 

MRe COLL: I would prefer 
that the witness give the evidence. 

THE COMMISSIONER: Well, I 
think that was assumed. I would be surprised if the 
witness 's answer had been "No." 

MR. GENEST: I will bear that 


that objection in mind. I .;will try to. be non-leading} 





Q Would you then eT iesae A) 
Mr. Dau, how environmental and socio-economic © consul- 
tants retained by the Arctic Gas Group and the 
Environmental Protection Board participated or 
contributed to the process if route selection? 

A Yes, they were provided 
with maps and photomosaics of the route selected by 
the location engineers as a basis for their environ- 
mental studies. As both engineering and environmenta 
studies were in progress, periodic meetings were held 
with representatives of both groups to discuss work | 
progress and mutual concerns. in Apxil, «1473548 
week-long seminar was conducted, at which a mile by 


mile examination of the route as then proposed was mad 


| 
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by all parties concerned. The environmental and socio- 
economic groups suggested route modifications and 
commented on sensitive areas where special precautions 
would be required. After a discussion of the pros and | 
cons by all individual groups, the route location was 
altered in many instances, to take into account special 
concerns and special construction and operation pro- 
cedures were noted for other areas. 

Q Does the present route 
reflect the modifications that were made as a result 
of comments and suggestions by these consultants? 

A Yes, it does. 

Q Would you tell us -- 
could you illustrate that? 


A There were rlumerous 


modifications of the routing, the design and the 


construction schedule or construction plan. Many of 





these reflected the concerns of the veyetation and 
geotechnical advisors who were on the staff of 
Northern Engineering, and with whom the engineers had 
almost daily contact. Major modifications, together 
with the manner in which environmental and socio- 
economic factors received consideration are set forth 
in Section 8(a) (i) on pages 427, and Section 14(d), 
chapters 1 and 6, and 14(e) -- and this one with 
respect to the interior route alternative, of the 
material that has been filed. 
Q Well, they are there 
and I won't take you overthem. We would just be 


repeating them by reading them out loud. 


A Yes. 
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Many minor changes were | 
made to satisfy concerns that were expressed on bank : 


and slope stabilities, creek and gulley crossings 


and thermokarst areas. 





Q You have some examples, | 
do you? | 

A Yes, referring to align- 
ment sheets, the first alignment sheets is 1C -0200 - 
1003. On this particular alignment sheet the route | 
was relocated in two locations. 

Q Do we need to look 
at the alignment sheet to get the message, Mr. 


Dau? 





A The’ second example 
I am referring to happens to be the one that I used 


on the slide if that would -- 


Q Let's just have what you 





@id with the first one -- that 1003,without looking 
at it , tell us what happened. 

A There was a change made 
to avoid a poor gully crossing. The total route 
relocation was 3.3 miles long and it added no sig- 
nificant length to the route. 

The second change was to avoid 
‘slumping ice wedge polygons on the banks of the 

Malcolm River and it was about 8 and a half miles 
long and added about 500 feet to the line length. | 

The second alignment sheet 

I am using as an example, as the one that we had | 


previously which is 1C - 0200 - 1015, and the 
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Mollard, Watson 
In chief 
pipeline route there was altered to avoid some 
poor bank conditions on the Willow River and I have 
pointed out the location of the WIllow River. This 
change is about 1.3 miles in length and in this 
particular instance, it shortened the line by about 
100 feet. 
THE COMMISSIONER: Excuse me, 
Mr. Dau, I am looking at that alignment sheet and 
is the earlier route the toute that was a/tered after 
consultation with the environmental advisors. Is the 
earlier route marked? 
A No; Sit, it is’ not. 
MR. GENEST: Perhaps we can 


illustrate that on Mr. Dau's dide. 


A I think Mr. Watson is mor 


familiar with this. He could probably indicate the 
exact change that was made. 

MR. WATSON: 

A First of all I might 
say that this was not totally an environmental 
concern. The environmental concerns that Mr. Dau 
mentioned earlier were listed in the exhibit 8 (a). 
These are a couple of examples of group changes that 
were made, but not specific environmental concerns -- 
they were mainly geotechnical concerns and this 
particular instance it was a very minor route change 
The original routing across the -- a little 
Hit -further "down ;°after-we <-~- 

Q You are indicating to 


the westof the black line that is -- 
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BURNABY 2, B.C. Mollard, Watson 
In chief 


A I am indicating to the 
west of the bkck line. 

Q What distance? 

A Well, probably in the 


neighbourhood of five to six hundred feet. You will 


notice from the profile herethere is a bank that 

knoll 
we run down from this ridge of / marine surface down 
into the bed of the river itself. 


Q Coula you speak up a at os 





-- I am sorry, -- speak into the microphone -- 

A Yes. 

Our alignment prior to making 
this minor route change in this instance, was about 
where I as. showing it here, west of our present align- 
ment. From the profile you will note we dropped down 


i 
1 
| 
| 


from this ridge and knoll marine here down into the bed 





of the river. This slight readjustment gave us a bit 


! 
| 
| 
of a better access to the river bed and it is also a bi 
better crossing and as it actually shortened the 

line by a little bit it is pretty obvious we should 

have been there in the first place and this came from 
studying the route after the preliminary alignment was 
done on it and we are continuing to do this and - 


probably as more information becomes available, we will 


be making more minor corrections like this. 


THE COMMISSIONER: WE11, 
I do not want to belabour this, but was there any 
specific reason for making that change other than 


it shortened the Ine? 





A Yes, the crossing of 
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In Chief 
, the Willow Lake River is slightly better where it 
¢ is located then where we had located it in our 
3 previous alignment. 
4 Q Why is it better? 
5 A There is a bit of 


localized bank instability where our initial line 


was. 





MR. GENEST: These, Sir, 
were given as examples of minor changes made to 
satisfy concerns on bank and slope stabilities. 
The major examples are -- as to environmental and 
socio-economic factors are those listed in the 
application. Perhaps I could -- I said I would skip 
over -- but perhaps for the benefit of those here, 
those Neceiare not familiar with the contents of the 


\ 


application, I might go to those. The application 





materials list instances whre modifications were 





made to avoid fish breeding protnde and so on. 
Could I deal with those or --? 

THE COMMISSIONER: You 
suit yourself. You might give us one or two 
examples. I -- this is a public hearing and it is 
not just for the benefit of counsel and myself, 
but those members of the public attending as well. 
I -- forgive me for asking all of these questions, 
I just want to understand these things when we are 
looking at them -- 

MR. DAU: 


A We have the other 





example that I mentioned. We have it on a slide if you 
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BURNABY 2, B.C. 


Mollard, Watson 
In¢p.chef.:.- 





would like to see that , sir. 

THE COMMISSIONER: Yes, 
please. 

A This is alignment sheet 
1c - 0200 - 1003. That is the one that I previously 
referred to, and the location at the Malcolm River. 

MR. GENEST: 

Q Where is thet in the 
book, can we find it in the book, Mr. Scott? Have 
you got it? 

MR. WATSON: 

A Well, this alignment 
sheet-- we made a -- 

MR. GENEST: Just a moment, 
it is just twelve pages from the previous one we 
were all looking at. 

MR. SCOTT: Why doesn't this 
book have pagdnumbers? 

All right, we have it, thank 
you. 

MR. GENEST: The numbers are 
in the right hand corner. 

| A All right, we made two 
route realignments on this particular sheet as a 
result of geotechnical review. The first one was 
in this small gully, here. 

Our previous routing 
crossed very -- 

Q You are indicating the 


mozaic at the left hand edge of the page -- 
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BURNABY 2, B.C. Mollard ; Watson 
In Chief 
1 2 ee 
A This is the left hand 
: edge of the page -- 
3 
Q Right -- 
4 
A Our previous alignment 
3 passed slightly to the south of whee the present 
2 alignment is shown. There is again an instance 
4 
of eroding gully banks on this small gully here. 
3° 
We have made a slight readjustment to the routing 
m which kind of got around that problem? 
10 : 
Q You moved it to -- 
dL 
on that one, the top of the page is north? Is it? 
12 
A that is correct. 
13 ay 
Q And you moved the pipeline 
14 
to the north to avoid the bank? 
Gs) 
A Right. 
16 : : 1 
That did not add any bppreciable 
17 | 
length to the pipeline route. | 
18 | 
Q Well, then let me go back 
19 
to the -- Oh, is there another change on that? I 
20 
am sorry. 
van 
THE COMMISSIONER: Excuse me, 
La 
before you proceed, you said move the pipeline to the 
23 
north-- have I missed something here? 
24 
MR. DAU: This happens to 
25 
be along the coast, sir. This is farther west. 
26 
MR. WATSON: 
at 
A This particular sheet 
28 
is located on the north slope here, just about 30 
29 
miles from the Alaska/Yukon Border. 
30 | 
MR. GENEST: | 
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ALLWEST REPORTING L.TD. 


BURNABY 2, B.C. Dau, Williams, 1714 
MOllard, Watson 


In Chief 

Q Well, Mr. Dau, 
could I -- I think, are we -- oh, no -- you are going 
LOod LLuscrace == 

MR. DAU: 

A There is one more if 


I could just quickly mention this other change. This 


is the Ne .cclmRiver along here and our original 





routing in this area came down in this general area 
past to the south. Subsequent investigation after we 
had located the route there indicated that there are 
slumping ice wedge polygons on the bank of the 
Malcolm River in this area. 
Q That is to the south 
of the present line as indicated. 
A That is correct. 
So the line was rerouted to 
the north of that feature. THis added about 500 
feet to the line. 
Q ALY xrigqnt. 
A THis sheet also 
shows a compressor station which is located immediately 
on the right bank o:: the Malcolm River. In this 
instance the ideal location for the station would 
have been in the middle of the river, but that is 
| not really a good place to have it so it was moved 
to the right bank. 
Q When you say "ideal" 
you mean from a -- 


A THis is from a hydraulic 


gradient -- 
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ALLWEST REPORTING LTD. Dau, Williams, USS) 
RAREST oP abet MOllard, Watson 


In Chief 

Q RVohey 

Well, then can we turn off 
that machine and I would like to go back to the 


statement by Mr. Dau and ask Mr. Dau, you said that 


or socio-economic factors were madeto the line and 
these are set out in Sectgin 8 (a) 1, pages 4 to 7 
of the application, Section 14 D, chapters 1 and 6 
and then in Section 14 (e) with respect to the 
‘intarior route alternative -, Could you highlight 


these for us, please? 





| 


some major modifications brought about by environmental 
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ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. 


Messrs. Dau,Williams,Mollard 
Watson - IN Chief 


They are summarized on Appen- | 
dix "A" . 2 think the major one, of course, is the -- 

Q Appendix "A" of what? 

A This is 8(A) (i) of the! 
appendix of Section 8(a)i description, it's on page 
8. | 

Q Page 8? 

A Right. The mapr one 


here, of course, is the major revisions that were 





made in the Travaillant Lake area as a result of 
environmental concerns. 

Q Did Mr. Williams point 
that out where that is on the map? Although I think 
we all know where Travaillant Lake is by now. Got 
yourspoolrcue, Mre«is- 

A The original routing 
crossed areas of high productivity for matimal, fish 


and birds. The change is to the -- it was proposed 





that a change of routing to the east or west be 
examined to find something that was much better. 
The Traveil lant Lake junction was re-located 16 miles 
to the south-west. 

Q So originally it 
was to the north-east of where it's shown, that was 
the original plan, was it? 

A Right. 

Q And the concerns of the 
environmentalists about -- how that would have affect- 
ed the animal life, do you recall? 


A I don't recall the 
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effect of a cross-delta route on that particular 





171% 





Messrs.Dau,Williams,Mollard, 
Watson - IN Chief 
specific details. 

WITNESS WATSON: I think the 
main concernwas located at a number of lakes, parti- 
cularly where Mr. Williams is pointing there, to the 
north and west of Travaillant lake, and the line 
passed through these, it was just a question of the 
proximity of the pipeline maybe having an adverse 
affect and it was felt that if the line was moved out 
a bit,out of that high productivity area it would 
benefit. 

WITNESS DAU: The line 
section from Campbell Lake was located about 20 
miles west of the original route and also from 
Travaillant Lake junction to Thunder River 


crossing there would be re-location involved as much | 





as seven miles of movement. In addition, the Macken- 
zie River crossing north of Arctic Red River was steal 
several miles downstream because of an environmental | 
concern. In this area it was to avoid rare and endange 
species nesting area. 

MR. SCOTT: Mr. Commissioner, 
perhaps it wouldn't be out of order to ask Mr. Genest 


as he has highlighted that, when and if the cross- 


over is filed, that they remind us again of the 


section? 


MR. GENEST: That's right. 





I have not proposed to deal with this panel, with the 
cross-delta route. What I hope to be able to file 


very soon -- and I hope to be in a position to tell 
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the Inquiry in a few days as to when exactly but very 


soon,a full set of materials with respect to cross- 


delta, and I felt -- and I hope you agree, sir -- that | 


to deal with it now, without all the backup information |, 


would be/repetitious exercise. We have to go all into 
it again when we have the materials at hand. So I've 
deliberately stayed away from that so if my friends an 
Commission counsel can all have an Opportunity to -- 
and of course their adviawieda give them an opportunit 
of looking into that, I thought it would ke much more 
organized if we looked at that separately and everybod 
was armed with the materials necessary to look at it. 
But I certainly note Mr. Scott's comments. 


MR. SCOTT: Well, Mr. Commis- 


sioner, I am entirely satisfied with that, but this is | 


put forward as an example of an environmental modifica 


tion that has been made in the event that the cross- 


delta route leads to the cancellation of that environ- | 


mental modification. I wouldn't want anybody to be mis4 


led and perhaps when we get to that Mr. Genest will 
simply have in mind that he should refer back tothis 
environmental concern. 

MR GENEST: Sir, I'm not 
following Mr. Scott. 

MR. SCOTT: I will tell you 
later. 

MR. GENEST: Get me out in 
the hall. 

THE COMMISSIONER: Well, 


just a couple of things. This panel will deal with 


{ 





ee 


Hin ebneict wi Ji o8 Jad mox> yews hevete yledstadileb 


| 
{ 


es 
} 
. 
r 
| 
\ 
i 


4 
i 
H 


HSoitibor fasnennoslves ms 40 slgmsxs a6 288 baewroh tuq _ 


snoiurveds teds Yo notsadieonso edt of absasl atuox satisb 


beim ed of vboudyrs doaw 2'abiyow I .nokesoii ibem Lesnom 





VBocyieve Sue yletassqes gens te beteol sw 25 Besinagpro 


























SET! 


~bré Liok, amps L. . im) ” yee am ie =a 4 
Jokd> WI - nowtsy 


: <a 
yiev tud yitonze nedw of an eyed ibis ste ate | 


~aeenn of daedqeex dAdiw ale tsatem t90 3a2 tint 5 encoe 3 § a 


jsit -~ aie \s97068 woy ogot T Sne == £602 I Bos vasiob 

yorismrotat gmesd et Ife troddiw wou fh ddiw iasbiot 
odai Ifs op oF even OW wen iotexe avottttaqei\ed binow 
av'l of «fusca te elsitetes ef oved -~ nore aisps ti 


-- of Ytinustedge as evead Ils nso Leanoo soleeimmo2? 


}inuteoage ms med? evip --etosivhs tiefit eearoo to Bas 


siom finum od bluow ti tipvoxss I ,tsadt otek prisiook2o 


iti 36 Acol oF yrtseesoen alsinetam sid ddiw bemxs esw 
.Sinsmtos e'ttook .wi sdom yfinisdszeo I aud 


ei eins stud ,ted¢ dAdgiw bebteigee ylexatgae me I-(tenote |’ 


~g203%0 eft jad gaesve sit ai shem oneed asd Jedd noks 


fo 


{[liw deeaeD .IM Jest of step ew nedw egarzeq bas bet 


etisod Avad 1sie1 bluode ed jsd3 balm ab eved yiqnie 44% 
jon mL .42h8 <T20msD aM Aenea © F ian 
-t4008 eat ys 

say ifet Iikw it :TTope .AM - > ide 
ni tuo om 385 =<TESWaD .AM 7 rn ra 1 . 


lew —-sARMOTReTMMOD attr nie 
dim deeb Mikio feneq este .apaits 3 sigu 


aC as 


0 
a 
» 2 


- 
aa = 
oi a 


L719 


ALLWEST REPORTING L-TD. 


BURNABY 2, B.C. ° ° 
Messrs.Dau,Williams, Mollard, 


Watson - In Chief 
the change in the route of which we were advised some 
months ago -- 


MR. GENEST: At Fort Simpson. 





THE COMMISSIONER: At Fort 
Stimpson. 

MR. GENEST: Yes sir. 

THE COMMISSIONER: Well, have 
you another panel on the proposed change? 

MR. GENEST: Oh yes,sir. 
There will be a full panel probably consisting of 
many of the same people, but I thought that without 
the materials at hand, it was idle to pursue that 


subject. We'd just have to start it all over again. 





THE COMMISSIONER: Counsel 
might bear that in mind, that if thereare any second 
thoughts about that, we'd better hear about them 
éarly tomorrow morning. : 

MR. ANTHONY: Mr. Commissioner, 
may I ask just one question? I think this bears on 
the point Mr. Scott was raising. Do I understand 
correctly that there is going to be a cross-delta 
route proposal put forward, but you don't propose 


discussing it now? 





MR. GENEST: Yes, I have 
to give to this Inquiry, to the participants, full 
materials about the cross-delta alternative. The 
studies are being put together now. We are, I think 
and I can only say "I think" at this moment, that 
we will be asking the Inquiry to look at it as an 


alternative, as a feasible alternative. We have 
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still some ¢oncerns to be answered on the cross- 
delta route, but we certainly want and would like it 
studied by this Inquiry and have our witnesses cross- 
examined on it. 

MR. ANTHONY: I'd like to 
clarify in my own mind at that time, which we anticipa 
will be a fairly short period of time, that people 
such as Mr. Dau and Mr. Mollard will be discussing 
the use of the techniques that we heard about this 
morning as it relates to the other route? 

MR. GENEST: Yes, yes, and I 
should say we are going into situations, I think 
you anticipated them inyour ruling, sir, that we're 
going to have to call people back,we realize that, 
and we intend to be co-operative to the limit of our 
ability. All these people are available, and they'll 
be back. | 

THE COMMISSIONER: Yes, I 
think we all appreciate that. Just before we leave 
this cross-delta route, while Mr. Williams is at the 
board, Dr. Williams, can you just trace -- 

WITNESS WILLIAMS: Mr. 
Williams, an endangered species. 

THE COMMISSIONER: -- can 
you just trace the cross-delta route for our benefit, 
just come along, if you would come along the prime 
route and just point out where you leave the prime 
route to go across the delta. 

| A 3 O.K., the mike is on 


now. The prime route, of course, with respect to 
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the Canadian portion, originates at the Alaska-Yukon 
border and through there throughout this area it would 
not change until we get down to the Shingle Point area, 
at which it would break northward from the prime route, 
roughly here with a 4 1/2 mile crossing of Shallow Bay, | 
on across the southern end of Langley Island, across 
several channels of the Mackenzie onto Richards Island | 
at approximately this location. Then the intent would 
be to alter the supply leg from the Mackenzie Delta, 
using the same origin, coming down the west side of 
Richards Island to a junction point about here, with 


the Prudhoe Bay supply line continuing to this 


{ 


same junction of the Parsons Lake supply line, and 
following the same route to -- past Tov ik approxima tedy 


here, and then taking a more direct route to the east 





side of Travaillant Lake to join the originally filed 
prime route at about Thunder River. That, of course, | 
would eliminate the section of the route to the west 
side of the delta, past Fort MCPherson, Arctic Red, 
and so forth. 


MR. ANTHONY: Mr. Commissioner, 





may I make a request that Mr. -- when Mr. Genest's 
assistant this evening arrives with ladder and pen 
to put in the interior route, perhaps he could also 
put in the cross-delta route so we have the various 
information for us. 
MR. GENEST: Yes, we will do 
that. 


THE COMMISSIONER: Yes, just 





one other question, and I'm not anticipating the . 
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whole thing, but is it fair to say, Mr. Gen est, that 
you don't have to answer if you don't wish to, but is 
it fair to say that cross-delta route is not one that 
would be appropriate if you were required to proceed 
from Prudhoe Bay by the interior route? 

MR. GENEST: I think that's 


fair to say. 
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Q You were on Appendix 
"A", Mr. Dau. These are set out as examples of pipe- 
line route relocations. Did yw want to comment on 
any of others? 

A The others are not as 
Major as Travaillant Lake. They involve movement of 


land relocations of up to one mile to avoid the en- 





vironmentally sensitive areas. They are just examples 
of that. 

Q Now I take it that Since 
you had a number of disciplines involved in this 
you received many suggestions. 


A Yes sir. 


Q Was .it .. possible 
to accommodate all of the groups -- the biologists, 
the environmentalists, the engineers? 

A No, that was not 
practical in all cases. In some instances we adopted 


the route location represented a compromise. Examples 





Territory, the group concerned with bird life wanted 
the line set back as far as possible from the coastlin 
The people concerned with animal life -- caribou in 
particular -- wanted to see the route away from the 
mountains and foothill ranges and towards the 
coastline. In this instance the middle ground betwee 
these two features was selected, where possible. 
Another example, along the east side of the 


of this are: 
(1) Along the north slope of Alaska and the Yukon 
Mackenzie River, the bird consultants would have 
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preferred the line set back from the river, whereas 

the fsh consultants preferred a route closer to the 
river and away from the headwaters of the tributary 

streams. In general, again the middle ground was 


selected. 


The only major area where all 


environmental disciplines have strong reservations 
with respect to routing is along the Canning River on 
the interior route alternative in Alaska. This is 
particularly opposed by the fish and animal groups, 
and to a lesser extent by the bird group who have 
concern for the rare and endangered species inhabit- 
ing the valley. Later in our testimony we will deal 


with the methods to be employed to alleviate environ- 


mental and socio-economic concerns by methods other th 


route selection. 

Q That, I take it, is 
going to be in your construction? 

A Yes, it involves 
construction scheduling later on. 

Q I'd like to move on now 
to the Fort Simpson revision, and perhaps we could 

service well, we 

get Mr. Williams'/again, / know where the original 
route is, to describe what the changes are. 

A Well, I'll give you 
a little background first. In selecting the route 
and river crossing locations as originally filed, 
we examined routes east and west of Fort Simpson. At 


that time we selected a route west of Fort Simpson 


on the basis that: 
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(1) The route was shorter than the east of Simpson 
alternative by some two to four miles, depending on 
the refinements selected Qn each; 

(2) The route crosses less muskeg terrain south of 
the Liard river crossing; | 

In balance, after taking 
into account the shorter length, the two river 
crossings and the muskeg terrain, the route selected 
was less expensive both in capital and operating 

that is 
costs; and/the route west of Simpson. 

Finally, we could find no 
Significant environmental or socio-economic advantages 
to either route as compared to the other. 

In our continuing studies we 
have, however, concluded that one change in design 
would be desirable; that twin pipelines should be 
installed at certain of the more critical river 
crosSings. Such a change, twin or dual crossing of 
the Mackenzie River west of Fort Simpson, increases th 
cost of that routing alternative significantly, and 
in balance shifts the cost comparison eee 
favor the east of Simpson alternative -- even 
after allowing for the dual crossing of the Mackenzie 
east of Fort Simpson. 


Q What's the reason that 





you concluded that you should have twin pipelines at 
major crossings? 

A We do not expect to 
have failures in river crossings. We think the 


possibility of that is almost zero. However, the 
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Messrs. Dau, Williams, Mollard 
Watson - IN Chief 
consequence of Having ia failure at a river crossing 
at exactly the wrong time of year, which would be 
in freezeup or breakup, would be that the line would 
be out of service for one or two months or more. That 
consequence is so expensive, so great, that dual | 


river crossings have been selected and they are -- 


Q As an insurance -- 

A - -- as an insurance 
poLpicys 

Q Sorry, I interrupted 
you. 


A Well, the east of 
Simpson routing has the additional advantage of 
avoiding a crossing of the Liard River. 


We have therefore concluded | 





that the change should be made to the more easterly 
crossing. The new routing as described in the 
revised exhibit departs from the original route, 

near MP 583, and follows a roughly direct line to 
the Mackenzie River crossing about six miles upstream 
of Fort Simpson. From this crossing the new route 
proceeds almost directly on course to rejoin the 


earlier route in Northern Alberta near MP 860. 





Q° That's already shown 
on the map on the wall. su the change “= 

A Yes sir. Its total 
length would be slightly more than that on the 


original route. 
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THE COMMISSIONER: Excuse me, | 
how many dual pipeline crossings will there be? 
A On the prime route there's 
a dual crossing at the Peel River crossing, at the 
Mackenzie crossing at Point Separation, at the Macken- 
zie crossing at Swimming Point, and at the Mac- 
kenzie crossing at Fort Simpson. 


MR. GENEST: Mr. Dau, I 





want to direct your attention ww to the report of the 
pipeline Application Assessment Group and perhaps 

to preface my question I could do it this way, that 
the group has expressed a number of concerns throughou 
the report which may be said to bear indirectly on 

the route selected. I want to ask you to comment 

only on those which relate directly to the engineering 


aspects of route selection, and I have specific 


connection with terrain analysis and that appears at 
page 183 of the report. Was the report prepared befor 

understanding? 
or after you filed your responses? What is your / 


A We filed our responses 
and then we got copies of the report after the 


responses. 
MR. GENEST: 
I think it's common ground, 


isn't it, Mr. Scott, that -- I believe it says so in 
they 
the report -- that / hadn't had the benefit of our 


responses when the report was issued? 
MR. SCOTT: Hadn't had your 


responses. 


| 

| 

| 
reference, I think the most specific one was made in 
MR. GENEST: Didn't give an 
| 
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Sete) Boe Messrs.Dau,Williams,Mollard, 
Watson - In Chief 
k inch. At page 183 there is some criticism of | 
2 the degree of detail, . the lack of detail of terrain 
3 | information, in ymr exhibit. Do you have any comment 
4 on that? 
5 A Yes, we think we have | 
6 responded to some of these concerns in answers to 
7 questions 13 in the response, to a minor degree in | 
8 question 13; and also question 17 in respect to 
$ location of facilities and terrain analysis. We'd 
10 like to stress and we believe that the data attained 
to cate 
ee fromthe terrain analysis performed/is entirely adequate 
12 for route location at this stage. Terrain analysis 
13 is only one of the many considerations used in route 
14 selection. River and streamcrossings, slopes, 
15 drainage, the lengths of the individual land sections, | 
16 Wildlife considerations, and construction ditficureiest 
17 and costs are also very important in the final route | 
18 selection. 
19 Q There's another concern, 
20 I think, raised at 8.5 -- Section 8.5 of the outline 
21 Assessment Group Report in connection with slope 
2 stability and erosion susceptibility. I always put 
23 the accent on the wrong syllable. 
24 A Yes, they suggest that some 
25 potential failures could be avoided by re-assessment 
26 of location of the pipeline on access roads, particul- 
27 arly at valley crossings. We agree and have said so 
28 in quite a number of the responses for this request 
29 


for additional information. It's spread over many of 


the questions and responses. 
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Watson - In Chief 
1 Q Do you agree that they 

2 will have to be a reassessment made? 

3 A Yes sir, in the final 

4 design and final field investigations. 

5 Q Do you have any other 

6 Comments? There was another one, I believe, at Section 


¥ 8.8. 
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Mollard, Watson 
In chief 


A This was with respect to 
the impact on valleys. Specifically on page 217 
there was a reference to the Thunder River crossing 
and the Great Bear River crossing. The response to 
question 35 provided preliminary design details and a 
crossing profile for the Thunder River crossing. 

We are confident that a safe, secure pipeline can be 
located at this location. 

With respect to Great Bear 
crossing, we currently have a field investigation 
program underway on an alternative Great Bear crossing. 
If that field program is unsuccessful in locating a 
better crossing, we are confident that we can 
locate or we can design and install a safe, secure 


pipeline at the locations shown on the alignment 





sheet. This will require some special designsto handle | 


problems of erosion and slope stability and so on 
and a later panel will deal with those particular 
design measures. 

Q that 1s Dr. Clark's panel, 
I believe. 

A Yes, sir. 

THE COMMISSIONER: The Bear 
River is not a dual pipe crossing, I take it? 

A No, sir. 

MR. GENEST; 

Q Then in Section 8, 13 
of the report, page 252, some concerns were raised 
as to the construc¢ion of pipeline facilities and 


roads. What were these concerns? I read them 
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ALLWEST REPORTING L.TD. 
BURNABY 2, B.C. 


Dau, Williams, siefeul 
Mollard, Watson 

In Chief 

yesterday, Mr. Dau, and I seem to have forgotten -- | 
MR. DAU: 


A The response to question 


16 -- discusses in considerable detail the limite 





to which compressor stations can be moved. There 
is a suggestion here that some of them should be 
moved some distance and there are some limitations 
that become hydraulically unbalanced if they are 
moved too far and -- 


Q Can you explain that a 





little bit -- it is something that my grandmother 


would have trouble with. How do you become hydrauli- 


cally unbalanced? 
A Can I dig up Question 
16 first? 
Question 16 discusses Reger 
an ideal pipeline which has no changes in elevation 
and on this, this is assuming a dead level terrain. 
On this theoretical, ideal 
pipeline, relocating one station upstream from its 
hydraulically balanced location, in other words the 
precise location thatit should be to be most 
efficient, if we move it upstream by half a mile it 
affects the total throughput of the system by about 
0.2%. 
Q Let's go back there, 
Let's go back to the fundamentals. A compressor 
station -- which before I started this case I did not 


even know you needed -- is there to add -- to keep 








the gas moving, do I understand that correctly? 
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In Chief 
ci 
A Yes, as the gas flows 
Z 
down the pipeline it expands and as its pressure 
3 : : 
is reduced the compressor station recompresses the gas 
4 
up to the design limit. 
5 
Q And you need a number of 
6 ; ' 
them to keep pushing the gas through the pipeline-- 
5 
am Terignt "so tar? 
3 
A Yes, it is very similar 
9 1. 
to a pump on a liquid system. 
10 : 
Q You do not mind my leading, 
11 | 
do you, Mr. Scott? 
T2 
MR. SCOTT: No, anything that 
3 
will aid your comprehension. 
14 
MR. GENEST: And there is 
a5 
a point at which these pipelines must be located to 
16 
fulfill their function, -- 
V7 
A These stations, yes, 
18 . 
7sir. 
GS) ‘ 
Q And is that whet you 
20 
mean by hydraulic balance? 
ou 
A Yes, sir. Theoretically 
a2 
precise location by going through all the mathematice 
Be} uy 4 
and saying, I need a station at milepost 816.72. 
24 
Q And you do that by applying 
25 
the laws of physics? 
26 ; 
A Yes, sir. 
ZT ; 
Q So -- I interrupted 
Ze 
you. 
29 : 
A Well, this particular 
30 








response says that if you move it upstream by a half 
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ALLWEST REPORTING LTD. Dau, Williams, L733 
a nee Mollard, Watson | 
In Chief | 


a mile you lose .2% in throughput, downstream about 











half a mile .07 in throughput. Unfortunately 
: this is not an ideal pipeline and we do have | 
: terrain relief and because of the terrain relief the | 
stations can -- are not equally spaced, in other words , 
7 they are all not precisely 50 miles apart. : 
: If in fact the terrain is -- if we are essentially | 
a going down hill, the station spacing tends to spread 
‘ out. They may be 55 miles apart if we are going 
” down a hill, a long hill. If we are going up | 
a a hill they become closer. 
on Now, when the slope of the 
a hill approaches the slope of the pressure 
al drop in the system, the station cah be moved | 
o considerable distances without much penalty, but in | 
xs the converse case, if you are going up a hill your | 
y limite are very narrow. 
oa We have some limits in moving| 
vid stations -- you know, we cannot move them many miles 
x without suffering a large penalty in throughput. 
= We can suffer penalties by putting in more horse- 
aa power.At some of the stations we could move them, 
- but that is also suffer ing a penalty in economics and| 
nl cost and so on. 
cis Q what is a major move, 
ms what is a minor move? 
_ A A half a mile we can 
ag live with in most locations. Beyond that we get | 
e concerned. 
30 


Q Right. 
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In Chief | 
7 | 
A Lateral movements have 
: no effect of course. 
A Q So it has got to be close 
: to your pipeline? 
> A Yes, sir. | 
6 This particular section 
U of course was also raised, concerned about -- concerns 
© about other locations -- other facilities, I am 
x sorry; the locations as shown on the application are 
a based on information available from terrain anaysis, | 
a air photo study and reconnaisance. I am confident 
Me that detailed field investigation and detailed design 
= will probably result in minor relocations of some 
os of the facilities. But this is in a latéfy,;, final 
a design stage when there is a lot more field informa- | 
tion available to us. 
oi Q There is another | 
= concern expressed,and I am almost through, sir. Do you | 
19 want . 
7to go on or adjourn -- I see that we have reached the 
ca witching hour -- I can -- I will finish this | 
| 
Se panel in another five minutes. 
22 
THE COMMISSIONER: Well, cer- 
23 
tainly, let's carry on then. 
24 | 
MR. GENEST: | 
25 | | 
Q Section 10.2 of the | 
26 ; 
report -- that is the Pipeline Assessment Group | 
Pad | 
Report, discusses pipeline and highway interaction -- 
28 , 
A ves", "Sir. 
29 | 
Q And that appears at 
30 | 


page 348 to 356 of the report. 
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SEONG ce Bats Mollard, Watson 
in Chilet 
A Yes, this section dis- 


cusses the advantages and disadvantages of close 
spacing of the highway and the pipeline and as I read 
it, although no firm conclusions are drawn, it appears 
that the case for wider separation is stronger than 
for close separation. We agree with that. 

Once the highway location is finalized and at the 


present moment that is not the case -- there are 





changes coming up all of the time and when the 

results of detailed fieH investigation of the pipeline 
route are available,again we are confident that 

minor relocations of the pipeline route will be 
required. 

The number of ‘pipeline 
crossings of the highway should be minimized as 
much as possible and parallel spacings of something 
less than a thousanc feet should also be minimized. 
That does not mean that we can always maintain a 
thousand feet spacing. There will be areas where 
closer spacing will be required G@ue to terrain, 
some side slopes, lakes, mountains and so forth. 
This is the Mackenzie Highway, of course,that I am 
referring to. 

Q Now, we have not 
dealt with all of them, throughout your replies and 
I think throughout the requests for supplementary 
information by the Assessment Group, there is an 
acknowledgement that there is a final design stage 
at which some of these questions can only be answered 


-- or at which some of the concerns raised must be 
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Mollard, Watson 
In Chief 


settled. Could you comment on that, Mr. Dau? 

A No, I just agree that 
some of thse concerns can only be answered in the 
final design phase. We have got detailed field in- 
vestigations underway. I am very confident though 
that the combination of minor route locations and 
special designs and when we are into the detailed 


design phase that we can solve these concerns. 
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MR. GENEST: Q With the 


final design phase, that would only be undertaken 


after the Minister has granted the right-of-way and the 


National Energy Board has granted a certificate of 


public convenience and necessity? 

A Yes, essentially yes, 
because it obviously involves a lot of office time, 
drilling programs. They're veryprecise and things 
like that are very expensive programs, involve an 
awful lot of field work. 

Q Well, did you have a 
ball park figure, Mr. Dau, as to what it would cost 
an engineer to fully engineer the pipeline beyond the 
stage to which yau've progressed? 

A Yes, several hundreds 
Ofemullions’ of dollars. 

Q And until you have a 
certificate, how do you consider that price tag? 


A I think -- 


Q Is it justified or not 
justified? 

A It's not justified, sir. 
No. 

Q And in any event, what, 
I suppose -- well, that's a matter for argument. 


These hearings may have some influence on locations 
picked for the gas pipeline and on final designs 
which we would have to scratch and start over again. 
Would that be correct, Mr. Dau? 


A Yes sir. 
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1 0 You would cross the river 
2 at point "A" and as a result of these hearings or the 

3 N.E.B. hearings you had to cross the river at an 

4 entirely other point, what would happen and what would 
3 be the value of your cinat study at pointer a"? 


A It would have very limi-- 
ted value, it wouldn't be totally lost but I mean, any 
information you gain is of value to you but certainly 
you'd have to duplicate it at another location. 

Q Right. Finally, sir, may 
I ask you in your professional opinion whether the | 
prime route you've described is feasible? | 

A Yes7rit< ise inPmy | 
opinion it's appropriate, efficient, and a feasible 
route. 

Q And could I ask you the 
same question as to the interior route which you al- 
ready said you consider less preferable? 

A It's not as efficient, 
and it results in a higher cost, more difficult con- 
struction, and more difficult operation. It is 
feasible. 

MR. GENEST: Those are all 
the questions I have, Mr. Commissioner, of this 


panel. 





THE COMMISSIONER: Have 
counsel agreed on the order of cross-examination? 
MR. SCOTT: Mr. Commissioner, 
; ; ; been. 
I think the order of cross-xamination,has /stipulated 


before, if not in a ruling, in a consensus agreed hy 
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Hf counsel. I will discuss it with them privately, if I 
2 may, just so it will be clear that there is no doubt 
3 about it. That presumably will not begin until tomor- | 
4 row morning. 
5 Mr. Bayly, however, Medventeas 
6 to me that he had one or two matters that he wanted ce. 
5) raise with you as opposed to the panel. If that could 
8 perhaps be done before we finish today? 
9 THE COMMISSIONER: Yes, 
10 certainly. Just before you do that, this cross-delta 
i | route, Arctic Gas sent a drawing of the cross-delta 
13 route to he inquiry and I've taken the liberty of 
13 examining it and would you, Mr. Genest, perhaps in 
14 collaboration with Mr. Ballem, prepare by the time 
i we LES eee route presentation, prepare some 
16 kind of a drawing that shows the relationship of the 
17 cross-delta route to the proposed gas plant and gather-~- 
18 ing line facilities that are -- the producers want to 
19 establish in the Mackenzie Delta? | 
20 MR. GENEST: I think that | 
2) will be very useful if I can have Mr. Ballem's co- 
22 operation I'm sure we can arrange it. | 
23 MR. BALLEM: I'm sure we can, 
24 Mr. Genest. 
25 THE COMMISSIONER: Yes, Mr. 
26 | Bayly? 
27 MR. SCOTT: The order of 
28 cross-examination I would propose is contained, I 
29 think, on page 2 of Preliminary Rulings No. 2. We 


30 indicated previously that if there are any persons 
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Messrs.Dau,Williams,Watson, 
Mollard - In Chief | 
who are not major participants who have questions to 
ask, they can be conveniently arranged if they would 
be good enough to speak to either MR. Waddell or i 
Myself and we will make arrangements for them to put 
their questions at a time convenient to them and to ne 
dher participants. 

MR. GENEST: Preferably before 
the panel has left for the south, Mr. Scott. 

MRe SCOTT We'll do what 
we can. 


THE COMMISSIONER: Yes, Mr. 





Bayly? 

MR. BAYLY: Mr. Commissioner, 
I just have two points to raise for your consideration, 
and one has to do with the summaries which your 
preliminary rulings require the participants to file 
in advance of the presentation of their witnesses, 
either as individuals or as panels, and my comments 
arise out of how this appears to be working or not 
working. | 

Now we did receive a summary 


of this first panel's evidence and I am grateful that 





M r. Genest has expanded on that. I believe the test 


he said he was using was to make it so that his 


grandmother could understand it; but what that has 
involved is leading from Dr. Mollard evidence that 


we did not know about in advan @. I would hope that | 
if Mr. Genest is going to expand the evidence, to be 
led from any panel, that he will give us the requisite 


notice so that we can take it back to our people and 
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1 our grandmothers or whoever, so that it can be under- 

2 stood by us as well. I think that is the purpose of | 
3 the summaries, as you defined them in your rulings, 

4 to give the participants the advance notice to prepare | 
3 for the evidence as it comes outin chief. 

6. The other point I wish to | 
7 raise was with regard to the cross-delta proposal, ! 
8 and because I noted today that we received the supple- |, 
a mentary material on the Fort Simpson alternate route, | 
10 on the day in which that evidence was given, and I 

ital don't fault Arctic Gas for that but on the other hand | 
12 I would hope there would be some way to make sure that 
13 does not happen in any other Biies changes, and ! 
14 specifical1}°tn the cross-delta dodue ucheniee for | 
15 two reasons: | 
16 (1) That it makes it very difficult at the time of a | 
1? formal hearing to deal with that and prepare for 
18 cross-examination on route changes that we don't 
19 know the specifics of. 
20 (2) The other is with regard to the native groups | 
21 especially, in order to prepare for community 

22 hearings it is very important -- and I refer 

23 specifically to the cross-delta route7that we | 
24 | have the kind of information that we expect we | 
25 | will find in the supplementary material ee! 
26 tly in advance so that we can tell the people in | 
27 the communities about it, and so that we can plan 
28 a sensible schedule for community hearings. 

20 Now 1 feel we are not able 

hy to do that with regard to certain delta communities ! 
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1] until we get this material from Arctic Gas, and I 
2| would hope we would get some idea from Mr. Genest of | 
3 when that will be available. We did first hear about : 
4 the possibility of a cross-delta route in January, i 
5 but as yet we have mt received anything specific | 
6 except for the map which you, Mr. Commissioner, have : 
7 before you today. 
8. MR. GENEST: I think Mr. | 
9 | Bayly's point as to cross-delta is well taken. We | 
10. appreciate the problems that that creates. It's in | 
11) a sense self-policing because if we're late with it | 
12 | we're going to be faced with requests for an adjourn- | 
13 | ment and so on, which is something which we would | 
14 like to avoid, and I hope, as I said earlier, I 
15) hope to be in a position later this week to, instead 
16. of saying "soon" to be more specific and we are endeav+ 
eh oring to get this into the Commission's hands and | 
18 into the participants' hands as quickly as possible. 
19 But I should have something more definite later this 
20 week, sir. | 
21 THE COMMISSIONER: If you 
22 have -- well, at any rate, when we are up in Aklavik, | 
23 early in April, we will maybe able to spend a day or | 
two(nhotthe Inquiry -- at least not this whole gang), | 
but we might be able to take a look at that. 





MR. GENEST: Well, it certainly 
changes the impact on Aklavik, for instance, quite | 


dramatically. 
THE COMMISSIONER: Well, 


we'll find that out. 
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a MR. GENEST: That's right. 

2 THE COMMISSIONER: -- in Free 
3 That's all then, is it? 

4 MR. GENEST: Well, sir, this | 
5 summary business is giving me a little difficulty. | 


I thought that Dr. Mollard's exposition was not in the 
kind of classification of evidence that I should try 
and spell out word by word. It would be very difficult 
to do that with Dia Mollard, with all due respect 


to him. He always has a lot to say. 





(LAUGHTER) 

THE COMMISSIONER: Well, it 
was all worth hearing, I thought. 

MR. GENEST: Yes. Les == 
and to have. a stilted reading, ' to be bound to 
every word that I say without asking for explanations, | 
fering ita little: difficult. If I catch my friends 
by surprise, I ask them to be patient with me. I'm 
going to try with these comments to deal a little 
more full where I foresee that there will be perhaps | 


explanations required, but if it creates a severe 





problem or a handicap which I suggest would have to 
be demonstrated, then of course I will have to pay 
the penalty and say, "well, you bring these fellows: 
back, so that I can prepare adequately." 

I realize what a disorganizin 
note this puts in the hearing, so I'll bear these 
comments in mind. I certainly agree that the -- our 
advance notice of government assessement group concern 


was not adequate and I will try and do better in the 
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future. 

MR. SCOTT: Mr. Commissioner, 
shall we adjourn until tomorrow morning then? 

THE COMMISSIONER: Yes, we'll 


adjourn until 9 A.M. tomorrow. 





(PROCEEDINGS ADJOURNED TO MARCH 12, 1975) 
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